This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


^   Mrs  J  F  ^cha9x9r. 
2t  Juue  19^3. 


ci^oV" 


«^  / 


INTERNATIONAL 
LIBRARY  OF  TECHNOLOGY 


A  SERIES  OF  TEXTBOOKS  FOR    PERSONS   ENGAGED  IN  THE  ENGINEERING 

PROFESSIONS     AND     TRADES     OR     FOR     THOSE     WHO     DESIRE 

INFORMATION  CONCERNING  THEM.    FULLY  ILLUSTRATED 

AND      CONTAINING      NUMEROUS      PRACTICAL 

EXAMPLES  AND    THEIR    SOLUTIONS 


•      >     •  *    * «       •  * 


WATER  tWHtf^M'--: 

HOUSE  DRAINS 

SOIL,  WASTE,  AND  VENT  STACKS 

TRAPS  AND  VENTS 

DRAINAGE  AND  SEWERAGE 

SEWAGE  DISPOSAL 

SOURCES  OF  WATER  SUPPLY 

WATER  FILTRATION 

COLD-WATER  SUPPLY 

HOT- WATER  SUPPLY 

PLUMBING  INSPECTION 

PLUMBING  PLANS  AND  SPECIFICATIONS 


SCRANTON 
INTERNATIONAL  TRXTBOOK  COMPANY 

7Z  ^ 

J   ■ 


:hf:  i.i-.w  Yo;\K 


PU2LIC    L.!:!r:APY  1 
509047 

ASTOR.   LF. NC  «    t\:i 

R      '**••"      L 


Copyiisht.  1906. 1906,  by  International  Textbook  Company. 


Entered  at  Stationers'  Hall,  London. 


Water  Closet^: .  fopyclf ht.  1906,  tiy  InTS^t^i^iONAL  Textbook  Company.    Entered 

at  StationM**^^,  boadon:;  J^  .*     .::.•: 
•  •  *  •  \  ^    *        ••  ••        •  ••  • 

House  Drains:  *Cot>yi1firht,*1906,t)y*lNfftlLftAtxoNAL  Textbook  Company.    Entered 

at  Stationers'  Hitl}^  t^onQ^^  :    : •* : 
Son,  Waste,  and  ^^ql  •Stacl^:;  ^p^epy^ht,  1905,  by  International   Textbook 

Company.    Epteje^«  at,  Sti^^oppj^'  I|all.  London. 
Traps   and   Venta^*  tsSp^^i^fll,*  Jwft^  byj  International   Textbook    Company. 

Entered  at  Stotioneim'*  HlUl?  IsonOtV. 
Dralna8:e  and  Sewerage:   Copyri8:ht,  1905.  by  International  Textbook  Company. 

Entered  at  Stationers'  Hall,  London. 
Sewafire    Disposal:      Copyri8:ht,    1905,   by    International   Textbook    Company. 

Entered  at  Stationers*   Hall.  London. 
Sources  of  Water  Supply:    Copyright,  1905,  by  International  Textbook  Com- 
pany.   Entered  at  Stationers'  Hall,  London. 
Water   Filtration:      Copyriiirht,    1905,   by    International    Tkxtbook    Company. 

Entered  at  Stationers'  Hall,  London. 
Cold-Water   Supply:    Copyriirht.  1905,  by  International    Textbook    Company. 

Entered  at  Stationers'  Hall,  London. 
Hot-Water   Supply:     Copyright.   1905.  by  International    Tkxtbook    Company. 

Entered  at  Stationers'  Hall,  London. 
Plumbiiur  Inspection:    Copyrigrht,   1905,  by  International  Textbook  Company. 

Entered  at  Stationers'  Hall,  London. 
Plumbinsr  Plans  and  Specifications:    Copyright,  1905,  by  International  Textbook 

Company.    Entered  at  Stationers'  Hall,  London. 


All  risrhts  reserved. 


Printed  in  the  United  States. 


BURR  PRINTING  HOUSE, 

FRANKFORT  AND  JACOB  STREETS, 

NEW   YORK. 


210 


PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has^  ari§ep  for  the 
Reference  Libraries  of  th©  ^ifitetinUioiljaF  f^onrtfspondence 
Schools  on  the  part  of  those  who  -a rs- not. students  of  the 
Schools.  As  the  volumes  conrpo^ir^- Jhist  Library  are  all 
printed  from  the  same  plates  used 'ifCErLnting'. the  Reference 
Libraries  above  mentioned,  '-a-'fe^^\?f(3tdsr-  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to  the 
questions  asked  him  intelligible.  Each  course  is  complete  in 
itself,  and  no  textbooks  are  required  other  than  those  pre- 
pared by  the  Schools  for  the  particular  course  selected.  The 
students  themselves  are  from  every  class,  trade,  and  profession 
and  from  every  country ;  they  are,  almost  without  exception, 
busily  engaged  in  some  vocation,  and  can  spare  but  little 
time  for  study,  and  that  usually  outside  of  their  regular 
working  hours.  The  information  desired  is  such  as  can  be 
immediately  applied  in  practice,  so  that  the  student  may  be 
enabled  to  exchange  his  present  vocation  for  a  more  con- 
genial one,  or  to  rise  to  a  higher  level  in  the  one  he  now 
pursues.  Furthermore,  he  wishes  to  obtain  a  good  working 
knowledge  of  the  subjects  treated  in  the  shortest  time 
in  the  most  direct  manner  possible. 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted, •.l:t^t;tho^cyugJi:a|i€hjpijiplete  instructions  are  given 
regarding:b(^<t^.^vJlenV**n<JI3iftder  what  circumstances  any 
particular  rule,-, fcortrrflUjXif: process  should  be  applied;  and 
whenever  possifela/JiWlT^i*  rAore  examples,  such  as  would  be 
likely  to  ari\^*tftj  ^tO|^Cji^cJice — together  with  their  solu- 
tions— are  ginger?  to  nfla^rate^and  explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  covers  the  subjects  of  water  closets,  house 
drains,  soil,  waste,  and  vent  stacks,  traps  and  vents,  drain- 
age and  sewerage,  sewage  disposal,  sources  of  water  supply, 
water  filtration,  cold-water  supply,  hot-water  supply,  plumb- 
ing inspection,  and  plumbing  plans  and  specifications.  In 
its  preparation,  we  have  endeavored  to  illustrate  and  describe 
the  most  approved  methods  and  modern  practice.  The  fun- 
damental principles  underlying  the  design  and  construction 
of  plumbing  systems  are  carefully  considered,  and  the  theory 
of  modern  plumbing  is  embodied  in  the  volume.  The  treat- 
ment is  so  broad  and  so  practical  that  the  master  plumber  is 
enabled  to  extend  his  field  of  operations,  and  take  contracts 
for  sewerage  systems,  sewage-disposal  plants,  water-supply 
systems  for  towns  and  villages,  and  filtration  plants.  The 
greatest  amount  of  useful  information  is  contained  in  the 
least  amount  of  space.  The  text  was  prepared  by  practical 
men  and  constitutes  the  most  complete  and  most  compre- 
hensive treatise  on  practical  sanitary  engineering  that  has 
yet  been  published. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 
such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section  mark  (§).  Consequently,  a  reference 
such  as  §  16,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  §  16  is  found,  and 
then  through  §  16  until  page  26  is  found. 
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WATEB-CLOSET  CONSTRUCTION 


INTKODLXTION 


PURPOSE  AND  "UKQUIUEMENTS 

1.  Water  closets  are  made  in  many  styles,  and  are  con- 
structed to  operate  in  many  ways.  They  are  made  of 
porcelain  in  one  piece,  or  partly  of  porcelain  and  partly  of 
iron,  or  entirely  of  iron.  The  iron  is  either  plain  or  enam- 
eled. Porcelain  closets  are  made  either  plain  white  or  in 
colors,  and  are  embossed  and  decorated  to  any  degree 
desired. 

8.  The  duty  of  water  closets  is  to  thoroughly  remove  all 
excreta  and  paper  that  may  be  (le])osited  in  them.  They 
must  be  free  from  odors,  and  must  prevcMit  the  escape  of 
drain  air  from  the  soil  pip»o  into  the  building.  To  meet 
these  requirements,  every  closet  must  fulfil  the  following 
conditions : 

1.  The  water  used  for  cleansing  must  be  applied  in  such 
a  manner  that  it  thoroughly  washes  all  the  interior  surface 
of  the  bowl. 

2.  The  current  must  have  sufficient  force  to  detach  all 
filth  from  the  surface  of  the  bowl. 

3.  The  water  must  be  of  sulVicient  (luantity  to  wash  out 
all  the  contents  of  the  bowl  and  carry  it  beyond  the  trap 
and  into  the  soil  pipe. 

For  notice  of  copyright,  Mc  page  immediately  followinij^  the  title  page. 
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4.  When  the  flushing  operation  has  ceased,  the  closet 
bowl  and  trap  must  be  properly  filled  with  fresh  water,  the 
foul  water  being  entirely  removed. 

3.  There  have  been  extensive  changes  made  in  the  types 
of  water  closets  manufactured  during  the  last  20  years. 
The  old  styles  proved  unsanitary  and  are  now  condemned 
by  health  departments.  They  are  not  used  in  new  build- 
ings, but  are  yet  found  in  many  old  buildings. 
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PAN   CLOSET 

4.     The  pan  closc'd,  which  is  now  obsolete  as  a  market 
article,  being   generally  prohibited  by  plumbing  rules  and 

regulations,  is  s  h  o  w  n  in 
Fig.  1.  It  has  a  hopper  or 
conical  bowl  to  receive  the 
excreta;  the  lower  end  is 
closed  by  a  pan  that  is 
swung  on  a  hinge  by  means 
of  a  lever  and  pull.  This 
pan  catches  and  retains 
e  n  u  u  g  ii  of  the  flushing 
water  to  seal  the  mouth  of 
the  bowl.  The  porcelain 
bowl  a  is  set  on  a  cast-iron 
trunk  /;  that  is  secured  to 
the  floor  c.  A  lead  safe  li  is 
usually  set  under  the  closet, 
and  is  erroneously  connected  lo  the  closet  trap  !)y  a  safe 
piper.  The  copper  pan /' seals  the  basin  and  receives  the 
excreta.  When  I  lie  closet  handle  is  raised,  the  pan  drops  and 
takes  the  position  shown  by  the  dotted  lines  and  disiharges 
its  contents  into  tiie  trunk,  while  at  the  same  moment 
a  volume  of  foul  air  enters  the  room  from  the  trunk.      It  has 
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many  other  serious  imperfections  too  numerous  to  mention, 
and  is  a  very  imperfect  apparatus.  It  should  always  be 
replaced  with  a  closet  of  modern  construction.  Pan  closets 
are  universally  condemned  by  all  health  authorities. 


PLUNGER  CLOSET 

5,    Construction  of  Closet. — The  pluniji^er  closet  is  a 

closet  condemned  by  health  authorities,  although  its  imper- 
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fections  are  not  so  pronounced  as  those  of  the  pan  closet. 
A  vertical  section  through  a  plunger  closet  is  shown  in 
Fig.  2.  In  this  form,  the  emptying  of  the  bowl  is  con- 
trolled by  a  valve,  or  plunger,  a.  This  plunger  is  provided 
with  a  rubber  ring  /;,  which  seats  on  a  brass  ring  c  and 
makes  a  water-tight  joint  with  it.  Tlie  plunger  also  acts  as 
an  overflow,  because  if  ihc  water  rises  higher  in  the  bowl 
than  the  top  of  the  plunger,  it  will  How  over  and  down 
through  the  inside,  past  the  valve,  and  into  the  traf). 

6,     The  [nincipal  objeciion  to  the  plunger  closet  is  that 
the   chamber   in    which    the    plunger  works  is  imperfectly 


WATER   CLOSETS 


21 


cleaned  and  becomes  foul.  Unless  the  plunger  is  lifted  well 
up  when  emptying  the  bowl,  pieces  of  paper  or  matches, 
etc.  are  likely  to  stick  between  the  rubber  ring  and  the 
valve  seat  and  thus  prevent  the  closing  of  the  valve.  This 
allows  the  water  to  leak  out  of  the  bowl,  leaving  it  dry  if 
the  closet  is  supplied  by  a  self-closing  valve  or  by  a  small 
tank  overhead.  If  the  closet  is  used  when  the  bowl  is  dry, 
the  excreta  will  adhere  so  strongly  that  the  amount  of  water 
usually  furnished  by  the  flushing  apparatus  will  be  insuffi- 
cient to  remove  it,  and,  as  the  water  again  leaks  away,  it 
will  remain  in  the  bowl  and  become  a  nuisance. 

If  the  closet  is  supplied  by  a  balL-cock  placed  in  the 
plunger  chamber,  a  uniform  water-line  will  be  maintained 
in  the  bowl,  and  if  the  plunger  valve  should  leak,  a  waste  of 
water  would  be  the  result,  which  cannot  well  be  detected. 
This  kind  of  closet  is  constructed  either  of  one  piece  of 
porcelain  or  partly  of  iron,  as  shown.  Usually  all  the  iron 
parts,  including  the  plunger,  are  porcelain-lined. 

This  closet  is  practically  obsolete  as  a  market  article  in 
the   United   States,    although   it   is    still   in   use   in   many 

buildings. 

7.  Flushing  Device. 
A  closet  float- valve 
flushing  device  com- 
monly used  for  flushing 
plunger  closets  is  shown 
in  Fig.  3.  This  is  a 
cross-section  through 
the  plunger  valve,  at 
right  angles  to  the  view 
given  in  Fig.  2,  and  it 
shows  a  ball-cock  d  that 
is  controlled  by  t  h  c* 
float  t\  The  water  rises 
to  the  same  height  in 
the  chamber /that  it  does  in  the  bowl  <^,  Fiji:s.  2  and  3,  and 
the  float  is  adjusted  to  maintain  the  water  at  the  proper  level. 


Fig.  3 
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8,  Plunger  closets  may  be  flushed  with  water  by  means 
of  a  closet  wprluff  valve  uii  the  service  pipe,  whichj  when 
opened, will  remain 
open  for  a  short 
period  of  time  and 
will  automatically 
close  itself  after 
permitting  a  quan- 
t  i  t  y  of  water  to 
pass  that  is  fiuffi- 
cient  to  properly 
flush  the  bowL  A 
valve  designed  for 
this  purpose  is 
shown  in  Fig.  4, 

The  valve  <?  is  held  up  to  its  seat  by  the  spring  k.  The 
supply  water  enters  the  space  between  the  valve  and  the 
piston  c.  The  valve  spindle  is  loose  in  the  valve,  and  has  a 
conical  head  at  d  that  fits  in  a  corresponding  seat  in  the 
piston  i',  A  small  hole  e  permits  the  water  to  pass  slowly  to 
the  under  side  of  the  piston.  When  the  valve  stem  is 
pushed  down  by  the  hand  lever  f,  the  valve  d  opens  and 
allows  the  water  in  the  lower  chamber  to  escape  through 
the  central  hole  into  the  outlet  g.  The  area  of  the  piston 
being  larger  than  that  of  the  valve  a,  the  water  pressure 
drives  the  piston  downwards  until  it  is  arrested  by  the 
valve  el.  The  pressure  on  the  opposite  sides  of  the  piston 
being  now  balanced  and  the  lever  being  released,  the  spring  t 
pushes  the  piston  upwards  and  gradually  closes  the  valve  a. 
This  upward  motion  is  gradual,  because  the  water  required 
to  fill  the  lower  chamber  must  pass  through  the  small  hole  i*, 
and  the  spring  is  not  strong  enough  to  drive  the  piston 
upwards  so  rapidly  as  to  form  a  vacuum  behind  it.  The 
waterways  in  this  valve  should  equal  the  area  of  l*inch  or 
l^'inch  pipe  for  water-closet  service.  The  end  of  the  lever 
usually  engages  with  the  plunger  rod  h  of  the  closet. 
These  valves  are  not  reliable,  as  they  are  too  apt  to  get  out 
of  order. 
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9.  If  it  can  be  avoided,  ordinary  water  closets  should 
never  be  supplied  with  water  direct  from  city  mains. 
Unless  exposed  to  frost,  they  should  in  all  cases  be  flushed 
from  tanks. 


HOPPEK  CJL08ETS 

101  liOnijr-TTopper  Closet. — One  of  the  simplest  forms 
of  a  water  closet  is  shown  in  Fig.  5.  This  form,  which  is 
known  to  the  trade  as  a  lonsr-liop- 
per  closet,  and  also  as  a  Phllaxlel- 
phia  hopper,  has  a  long  closet  bowl 
curved  as  shown  in  the  illustration. 
It  is  provided  with  a  4-inch  outlet 
horn  a  passing  through  the  floor,  and 
a  floor  flange  b  that  serves  as  a  base 
to  support  the  closet  on  the  floor. 
The  water  used  for  flushing  the 
bowl  enters  through  the  inlet  horn  c. 
The  inlet  horn  of  the  long  hopper 
shown  in  Fig.  5  is  obliquely  attached 
to  the  bowl,  so  that  the  water  on 
entering  the  bowl  will  swirl  around  on  the  inside. 


11.     A  spreiuler,  or  fan,  a.   Fig  6,  which  is  a  piece  of 

sheet    metal    placed    over      --•---.. 

the  inlet  or  mouth  of  the 
horn,  is  sometimes  used 
to  spread  the  water  over 
the  surface  of  the  bowl, 
as  shown  by  the  arrows. 
The  general  direction  of 
the  flow  is  nearly  hori- 
zontal. 

1!2.    Sometimes  the  rim 
of  the  closet   is  hollow,  as  Fio  6. 

shown  at  a  in   Fig.  7.      The  horn  discharges  into  the  rim, 


ancj  a  number  of  perforations  on  the  under  side  of  the  rim 

permit   a   series   of    small 

streHins  to  flow  all  over  the 

surface  of  the  bowl,  as  shown 

by  the  arrows,  their  general 

direction   being   (low awards. 

This  isi  called  a  jicrfoi^nted 

flii!^lifti|^  rliTi.  Fig.  t 

13.  Aiitlfi-eezliiif  Ilo|>per  Closet, — Fig.  8  shows  an 
an tif reeling  close L  It  is  simply  a  long  hopper  set  over  a 
manhole  dug  about  4  or  5  feet  deep  and  about  3  feet  in 


8  WATER  CLOSETS  §21 

the  seat  is  pressed  down,  which  automatically  opens  the 
flushing  valve  b.  Water  immediately  flows  through  e  and 
flushes  the  closet.  When  the  weight  is  removed  from  the 
seat,  the  closet  continues  to  flush  until  the  valve  in  b 
reaches  its  seat.  To  prevent  the  water  from  remaining 
in  ^,  the  valve  b  is  provided  with  a  small  waste  hole  through 
which  the  water  in  c  is  allowed  to  escape  through  a  waste 
tube  //  after  the  valve  is  closed.  Hence  the  pipe  e  cannot 
freeze.  The  pipe  /is  a  connection  from  the  city  mains  or 
other  source.  Since  the  valve  b  is  liable  to  require  occa- 
sional repairs,  it  is  necessary  to  place  a  stop-cock  at  g,  A 
loose  cover  or  trap  door  /  is  provided  in  the  floor  for  access 
to  the  manhole  or  pit  under  the  closet.  An  arrangement  of 
this  character,  although  not  strictly  sanitary,  is  sometimes 
necessarily  required,  and  there  are  many  in  use. 

14.  If  the  supply  pipe  is  smaller  than  J  inch,  or  is 
unusually  long,  it  is  often  necessary  to  attach  a  large  air 
chamber  to  store  water  under  pressure  and  allow  it  to  dis- 
charge into  the  bowl  in  a  large  volume  when  the  closet  is 
being  flushed.  Few  of  these  closets  are  on  the  market. 
They  are  patented  combinations  and  are  handled  as 
specialties. 

16.  A  long  hopper  is  suitable  only  for  outdoor  situations. 
Hopper  closets  are  seldom  supplied  with  enough  water  to 
keep  them  reasonably  clean,  and  they  should  be  thoroughly 
scrubbed  periodically.  A  pailful  of  water  should  be  occa- 
sionally thrown  down  the  hopper  to  forcibly  relieve  the  trap 
of  the  accumulation  of  paper  and  filth,  which,  if  allowed  to 
remain,  would  eventually  choke  it. 

16.  Short- Hopper  Closets. — A  short-hopper  closet  is 
composed  of  a  bowl  and  trap  above  the  floor,  as  shown  in 
Fig.  9.  This  specific  form  is  generally  defined  as  a  short 
h<)pi>er  and  trap,  because  the  hopper  bowl  a  is  separate 
from  the  trap  b,  and  they  are  fitted  together  on  the  job. 
Presumably  this  is  the  cheapest  water  closet  on  the  market. 
The  bowl  is  made  of  enameled  iron  or  porcelain.     The  trap 
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pipe  a  by  3,  calked  joint  above  the  floor  and  the  back-vent 
horn  is  connected  by  a  calked  joint  to  the  back-vent  pipe  /f. 
These  are  good  solid  closet  connections,  and  are  reliable. 
The  trap  is  shown  filled  with  water  at  c.  When  this  closet 
is  flushed,  the  water-line  will  rise  inside  the  bowl  probably  to 
the  height  of  the  dotted  line  ^/.  If  the  water  rises  slowly, 
owing  to  a  slow  inflow  of  the  flushing  water,  paper  is  liable 
to  float  on  top  and  will  not  be  driven  through  the  trap. 
Hence,  the  flushing  should  be  done  rapidly.  A  3-gallon 
flush  delivered  through  a  IJ-inch  flush  pipe  from  a  small 
tank  located  about  fJ  feet  above  the  closet  is  generally  suffi- 
cient to  force  out  the  closet  contents  each  time. 

18.  The  chief  objection  to  the  ordinary  short  hopper  and 
trap  is  that  the  bowl  becomes  foul,  because  it  is  dry  when 
the  closet  is  being  used.  The  excreta  falls  on  the  dry  sur- 
face, adheres  thereto,  and  cannot  be  entirely  washed  off  with 
an  ordinary  flush. 

19.  The  short  hopper  and  trap  closet  is  commonly  used 
in  workshops,  cheap  tenements,  etc.,  where  appearance  is 
not  an  important  factor. 

!<JO.     Pedestal -Hopper  Closets. — In  Fig.   II  is  shown  a 

form  of  hopper  closet  that  is 
usually  made  entirely  of  porce- 
lain, and  is  known  to  the  trade 
as  a  pedestal-hopper  closet, 
although  it  is  sometimes 
called  a  combined  hopper 
and  trap.  It  is  provided" 
with  a  flushing  rim  ^,  which 
is  supplied  from  a  flush  pipe 
that  connects  to  the  horn  d. 
A  lip  is  formed  at  c  to  cause 
a  jet  of  water  to  be  ejected 
down  into  the  trap,  as  shown 
by  arrows.  This  causes  the  paper  and  solids  in  the  closet 
to  be  driven  down  and  quickly  pass  through  the  trap. 


Fig.  11 
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This  closet  has  the  objection  of  having  a  large  amount  of 
ilry  f  outing  surface  in  the  howl.  Pedestal -hopper  closets  are 
sometimes  called  %va,sJi-(lo^vn  closets,  which  is  a  misnomer, 
as  all  closets  flush  downwards, 

hSI*  a  pedestal  hopper  with  outlet  above  the  floor  Is 
shown  in  Fig;  iZ.  It  has  the  least  possible  amount  of  foul- 
ing surface  in  the  bowL     The  area  of  water  in  the  bowl  is 


1 


k\ 


^^^ 
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large,  so  that  solids  will  drop  into  the  water.     The  surface 

of  the  howl  is  thus  protected  against  filth,  but  if  the  flush  is 
weak,  paper  is  liable  to  stay  in  the  bowL  It  is  necessary  to 
have  a  strong  flush  for  this  closet,  in  order  to  obtaia  perfect 
results.  The  form  of  trap  shown  is  known  as  a  P  trap* 
When  the  trap  terminates  at  the  floor,  as  in  Fig*  11,  it  is 
called  an  S  trap.  The  P  trap  permits  connections  to  b^ 
made  above  the  floor,  as  shown.     A  special  fitting  a  is  used 
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to  connect  the  trap  by  means  uf  a  bolted  flange  joint  antl 
rubber  gat$ket  at  d  to  the  soil  pipe  c.  A  socket  or  tapping 
at  ^is  fyrnished  for  a  connection  to  the  back*vent  pipe  r, 

which  is  shown  con- 
nected tip. 


22.  Occasionally 
it  is  necessary  to  con- 
nect a  row  of  closets 
to  a  nearly  horizontal 
soil  pipe  a^  running 
at  the  back  of  the 
closets,  as  shown  in 
Fig.  13.  The  ped- 
estal hopper  with 
P  trap  is  then  very 
desirable.  Fig.  13 
shows  how  such  a 
closet  appears  when 
connected  np  com- 
plete, except  that 
the  water  -supply 
pipe  to  the  tank  d 
is  not  shown.  The 
flush  piper  is  IJ-inch 
ntckel-plated  brass 
about  0  feet  long. 
The  chain  pull  ^/, 
when  puiled  down, 
operates  a  mecha* 
nisin  inside  the  tank  d 
and  allows  the  con- 
tents of  the  tank  to 
flush  the  closet*  In 
setting  these  closets, 


WW.  IS 


great  care  must  be  taken  to  make  a  perfect  gas-tight  joint 
at  r,  and  also  to  thoroughly  support  the  soil  pipes  so  that 
they  Will  not  settle  and  break  the  porcelain* 
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WASHOUT  CLOSETS 

23«  Construction. —  A  washout  closet  is  shown  in 
Fig.  14.  It  is  composed  of  a  bowl  and  trap.  The  bottom 
of  the  bowl  has  a  large  area  and  is  comparatively  shallow. 
The  depth  of  water  remaining  in  the  bowl  should  be 
IJ  to  If  inches  at  the  deepest  point. 

Water  is  supplied  to  the  closet  bowl  through  the  l|^-inch 
flush  pipe  a  and  the  perforated  flushing  rim  b,  the  larger 
volume  entering  the  bowl  at   the   back.     If  the  basin  is 


Fig.  14 


deeper,  the  fresh  water  may  pass  under  the  solid  excreta 
and  fail  to  remove  it  before  the  flush  is  exhausted ;  and  if 
the  basin  is  shallower,  the  excreta  may  adhere  so  strongly 
that  it  cannot  all  be  washed  away  without  using  more 
water  than  can  he  allowed. 

The  soil-pipe  branch  and  traj)  was  formerly  ventilated  by  a 
baric-vent  connection  made  to  a  [)orcelain  horn  situated  at  r, 
but  this  has  been  dispensed  with  because  the  porcelain  horn 
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would  break  too  easily.  The  bowl  may  be  ventilated  by 
attaching  a  pipe  to  the  local- vent  connection  d.  This,  how- 
ever, is  seldom  done  unless  the  pipe  can  be  run  inside  or 

near  a  warm  chim- 
ney. 

The  lip  €  forming 
the  seal  of  the  trap/" 
should  dip  into  the 
standing  water  in 
the  trap  not  less 
than  \\  inches  nor 
more  than  \\  inches. 
If  it  is  submerged  to 
a  greater  depth,  the 
excreta,  paper,  etc. 
will  require  a  larger 
and  more  forcible 
supply  of  water 
than  can  be  allowed 
to  carry  them  down 
under  the  lip  and 
expel  them.  If  the 
submergence  of 
the  lip  is  less  than 
\\  inches,  there  is 
danger,  at  times,  of 
its  failing  to  prop- 
erly seal  the  trap. 

The  closet  shown 
is  called  a  fW>iit- 
outlet  woKlioiit 
w  a  t  e  !•  closet; 
washout  closets  are 
also  made  with  the 
outlet  at  the  side  or 
at  the  back,  as  dcsin-d.  They  are  also  constructed  with 
the  bowl  separate*  from  the  trap,  the  bowl  being  of  porce- 
lain and   the  trap  of  iron.      This  permits   the   trap  to   be 
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firmly  calked  into  the  cast-iron  soil  pipe,  insuring  a  strong 
joint  at  that  point. 

24.  Fig.  15  shows  a  front-outlet  washout  water  closet 
and  overhead  flushing  tank  fitted  up  complete,  excepting 
the  water-supply  connection  to  the  tank.  The  closet  has  a 
floor  connection  to  the  soil  pipe.  It  has  no  back-vent  con- 
nection to  the  porcelain.  There  may  or  may  not  be  a  local- 
vent  connection  to  the  bowl;  usually  there  is  none.  The 
closet  is  shown  bolted  down  with  four  closet  expansion 
bolts  a  arid  washers  to  a  marble  safe  d.  If  the  closet  is  set 
on  a  wood  floor,  the  two  front  fastenings  are  usually  brass 
lagscrews,  the  rear  fastenings  being  bolts  attached  to  a 
brass  floor  flange  under  the  porcelain  closet  flange. 

Fig.  15  illustrates  a  thoroughly  sanitary  fixture  that  gives 
satisfactory  results  if  the  bowl  is  scoured  out  occasionally 
with  a  scrubbing  brush  to  remove  traces  of  solid  matter 
that  may  adhere  to  it. 

25.  Vent  Connection. — Practical  experience  of  recent 
years  has  taught  the  plumbing  trade  that  the  porcelain  vent 
horns  of  water  closets  are  so  easily  cracked,  or  broken  off, 
that  it  is  not  advisable  to  back-vent  any  form  of  water 
closet  from  a  porcelain  horn.  This  defect  has  been  so  pro- 
nounced that  many  plumbing  rules  and  regulations  prohibit 
the  use  of  porcelain  back-vent  horns. 

Theoretically,  a  back-vent  connection  should  be  made  to 

the  top  of  the  trap,  but  in  practice  it  must  be  made  on  the 

•  metallic  pipe  near  the  floor  flange  ct^incction  to  the  closet. 

26.  Advantagres  and  Dlsadvantai^es. — The  washout 
closet  is  quite  noisy  in  its  operation,  and  tiie  space  over  the 
trap  inlet  is  liable  to  become  foul.  These  are  the  principal 
objections  to  this  form  of  closet.  Hut,  it  has  an  advantage, 
which,  for  family  use,  entirely  overbalances  the  disadvan- 
tages; namely,  it  holds  the  (*ontenls  open  tt>  view  for  inspec- 
tion, as  mothers  and  nurses  usually  desire  to  carefully  watch 
the  passages  of  childr<Mi.  Besides,  should  children  throw  such 
things  as  dolls,  etc.,  into  a  washout  water  closet,  they  can 
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easily  be  observed  before  the  closet  is  flushed.  Such  things, 
if  dropped  into  other  style  closets,  may  sink  into  the  trap 
and  be  accidentally  flushed  through  the  closet  and  into  the 
soil  pipe,  when  they  may  choke  the  closet  or  the  drainage 
system.  If  the  objection  to  noise  is  not  an  important 
factor,  it  is  quite  proper  to  install  front-outlet  washout 
closets  for  family  use. 


SIPHOX-JET    CLOSETS 

27.  Advantages. — The  siplion-Jet  closet  is  a  form  of 
closet  that  has  become  quite  popular.  If  properly  flushed,  it 
gives  excellent  results.  It  is  clean,  ejects  the  solid  contents 
quickly,  has  a  good  depth  of  water  into  which  the  solids  fall 
and  thus  instantly  become  partially  deodorized,  and  is  self- 
cleansing,  or  as  nearly  so  as  any  water  closet  yet  put  in 
public  use.  With  the  exception  of  its  liability  to  chokage, 
it  is  considered  to  be  the  best  form  of  closet  on  the  market. 
But,  it  must  be  supplied  from  a  flushing  tank  that  is  espe- 
cially constructed  to  discharge  the  proper  amount  of  water, 
preferably  a  siphon  cistern;  otherwise,  the  siphon  closet  will 
be  just  as  bad  as,  or  worse  than,  the  poorest  form  in  use. 

28.  Early  Form. — One  of  the  first  siphon-jet  closets 
placed  on  the  market  is  shown  in  Fig.  16.  It  clearly  illus- 
trates the  general  principle  on  which  this  type  of  closet 
operates. 

The  contents  of  the  bowl  are  sucked  out  by  the  siphon, 
which  is  formed  by  the  two  tubes  a  and  If.  Some  of  the 
water  that  enters  the  flushing  rim  c  rushes  down  the  tube  d, 
forming  a  jet  that  drives  the  water  in  a  up  into  the  space  e 
and  fills  the  tube  /;.  As  d  is  longer  than  a,  the  two  pas- 
sages act  as  a  siphon  until  the  water  in  the  bowl  falls  below 
the  lip/,  whtMi  air  enters  and  stops  siphonage.  The  closet 
outlet  horn  (/*  is  attached  to  the  soil-pipe  branch.  The 
back-vent  pipe  //  ventilates  the  closet  branch  and  prevents 
the  bowl  from  being  siphoned  by  the  discharge  of  other 
fixtures  into  the  same  stack. 
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In  the  latest  forms  of  siphon  closets  the  back-vent  horn  h 
is  dispensed  with  altogether,  and  instead  of  the  back-vent 


FlO.  16 

connection  being  made  to  the  porcelain,  it  is  made  to  the 
soil-pipe  branch  under  the  floor  and  as  near  to  the  closet  as 
possible. 

29.  Modern  Forms. — There  are  now  many  different 
makes  of  siphon  closets  in  the  market,  but,  in  a  general 
way,  they  are  all  about  alike.  Fig.  17  shows  a  common 
modern  form.  The  closet  is  composed  of  one  solid  piece  of 
porcelain.  The  back  strip  a  of  the  seat  is  secured  to  the 
bowl  by  means  of  lagscrews,  as  shown.  Many  seats  are 
secured  with  through  bolts  instead.  A  cover  b  is  shown 
hinged  to  «,  which  is  very  suitable  for  closets  in  private 
dwellings,  particularly  in  l)athrooms,  but  in  public  build- 
ings it  is  seldom  advisable  to  use  hinged  covers  over  the 
seats.  The  flush  pipe  c  connects  to  the  closet  horn  with  a 
slip-joint  attachment  which,  although  water-tight,  allows  the 
flush  pipe  to  be  jarred  without  breaking  the  horn.  A  water 
channel  extends  down  the  side  of  the  closet,  as  shown  by 
dotted  lines,  and  terminates  at  a  J-inch  or  J-inch  aperture  ^Z 
«»4— 3 
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at  the  bottom  of  the  closet ;  the  horn  also  has  a  water 
channel  that  delivers  into  the  flushing  rim.  When  the 
closet  chain  is  pulled,  and  water  falls  down  the  flush  pipe, 
part  of  it  flows  into  the  bowl  through  the  flushing  rim  and 
part  of  it  is  ejected  in  the  form  of  a  jet  from  d,     Th&  jet 


FIO.  17 

throws  a  large  volume  of  water  from  the  trap  into  the  out- 
let channel  i\  which  acts  like  the  long  leg  of  a  siphon,  and 
rapidly  siphons  the  bowl  nearly  empty.  The  illustration 
shows  the  bowl  siphoned  nearly  empty  and  air  being  sucked 
in  under  the  lip/,  which  stops  si[)honage. 

The  capacity  of  the  flushing  tank  should  be  so  arranged 
that  the  flush  will  stop  when  the  bowl  is  filled  again.     The 
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pipe  g'  shown  at  the  left  of  the  flush  pipe  is  a  ^*inch» 
nickel-plated,  brass  water-supply  pipe  fur  the  closet  lank. 
A  stop-cock  //  is  placed  in  it  to  shut  off  the  water  from  the 
tank  when  repairs  are  required, 

30.     Another  siphon- jet  closet  is  shown  in  Fig.  18.     The 
jet  Is  concealed  from  view*     It  is  located  at  the  back  of  the 
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lip  a  that  forms  the  seal.  The  water  channel  h  that  supplies 
the  jet  is  formed  between  the  bowl  and  the  inlet  leg  of  the 
siphon. 

31.  Some  siphon*jet  closets  are  furnished  with  a  reflU* 
infJT  i'hariil>er  in  the  form  of  a  bulge  or  swelling  on  the  side 
of  the  closet^  as  shown  by  dotted  lines  at  c  in  Fig.  18;  the 
two  small  holes  shown  in  b  are  used  to  refill  the  seal  at  the 
lip  and  thus  prevent  drain  air  from  coming  into  the  building 
through  the  flushing  rim  or  through  the  flush  pipe  if  the 
closet  seal  should  not  be  properly  replaced  after  a  si  phonic 
discharge. 

The  closet  seal  attacfiment  is  of  brass  and  rigidly  bolted 
ibrough   the    porcelain,    which   is    reinforced    by    an   e^itra 
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thickness  at  that  point.  This  makes  a  very  strong  and  clean 
seat  attachment,  every  part  of  which  can  be  easily  cleaned. 

32.     A  plain  siphon  closet,  or  wash-down  siphon,  as 

it  is  commonly  called  by  its  manufacturers,  is  a  cheap  form 
of  siphon  closet.  It  has  the  same  construction  as  the 
siphon-jet  type,  excepting  that  it  has  no  jet  to  produce  a 
quick  discharge  of  the  bowl.  When  such  a  closet  is  flushed, 
the  water  in  the  bowl  simply  overflows  into  the  outlet  leg, 
as  shown  in  Fig.  19,  and  is  wasted.  The  solid  matter  and 
paper  remain  at  or  near  the  surface  of  the  water  in  the  bowl, 
until  the  siphon  leg  becomes  so  completely  charged  with 
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water  as  to  start  siphonage,  when  the  bowl  will  be  emptied. 
But  as  siphonage  usually  does  not  start  until  the  flush  is 
nearly  exhausted,  solids  in  the  short  leg  a  of  the  .siphon  fre- 
quently fall  back  and  return  to  the  bowl.  Although  the 
flush  should  continue  mitil  all  the  contents  of  the  bowl  were 
thrown  over  the  lip  /;,  this  form  of  closet  would  yet  be 
defective,  because  most  of  the  water  leaves  the  closet  in 
advance  of  the  solid  matter.  In  su(4i  a  case,  the  solids 
ejected  from  the  bowl  remain  in  the  house  drainage  system 
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until  the  closet  is  fliished  ajrain;  it  is  rnily  then  that  the  solid 
matter  is  conveyed  beyorul  the  hoiise-drainage  system. 

It  is  different  with  a  well- made  siphon -jet  i  ioset  that  dis- 
charges the  contents  of  the  bowl  quickly ;  here  the  latter 
part  *>f  the  flush  is  used  to  convey  the  solids  to  the  sewer. 
The  plain  siphon  closet,  therefore,  is  not  to  be  recommended 
unless  the  closet  is  supplied  with  a  quick-acting  and  very 
strong  flush.  When  combined  with  a  low-down  tank,  the 
ordinary  plain  siphon  closet  gives  trouble  by  chokage  and 
waste  of  water. 


LOW-DOWN    TANK   CLOSETS 

33.  Low-down  tank  closets  are  becoming  quite  popular, 
because  of  their  marked  quietness  in  action  and  their  adapt- 
ability to  places 
where  overhead 
tanks  cannot  be  in- 
stalled. They  are 
particularly  suited 
for  spaces  under 
stairs,  etc.^  where 
there  is  too  little 
headroom  for  ordi- 
nary tank  closets, 
and  are  often  placed 
in  toilet  rooms  ad- 
joining sick  cham- 
bers. Fig.  20  shows 
a  favorite  arrange- 
ment. The  tank  rr, 
which  contains 
about  5  or  6  gallons 
of  water,  is  located  ^(o-  » 

immediately  at  the  back  of  the  closet.  The  mechanism  in 
the  tank  is  similar  to  that  in  overhead  tanks,  the  chief 
difference  lieing  that  the  flush  pipe  ^  is  much  larger.  The 
valve  in  the  tank  is  from  3  to  4  inches  in  diameter. 
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34.  In  Fig.  20,  the  low-down  tank  is  supplied  with  water 
through  the  bottom  by  a  J -inch  nickel-plated  brass  supply- 
pipe  c  having  a  shut-off  valve  or  stop-cock  attached  to  it 
above  the  floor  for  convenience  in  shutting  off  the  water 
from  the  tank  when  it  needs  repairs.  A  chain  pull  d  is  used 
to  operate  the  flush.  A  push  button  or  other  means  may, 
however,  be  employed  to  operate  the  flush. 

35,  The  chief  objection  to  the  ordinary  forms  of  low- 
down  tank  closets  is  that  the  flush  is  weak,  due  to  the  low 
head  of  the  flush.  In  attempting  to  overcome  this  objec- 
tion, the  closet  outlet  is  often  contracted  so  much  that  it 
becomes  easily  chokrd.  Another  objection  is  that  a  larger 
amount  of  water  is  required  to  produce  a  perfect  flush  than 
when  the  tank  is  high  up.  This  also  is  due  to  lack  of  head 
for  flushing. 


1>TRECT-FL,U8H  CLOSETS 

30.     Instiillation. — Direct-flush    closets,    i.    e.,    those 
that  are  flushed  by  a  direct  connection  to  the  city  mains  or 

to  the  general  plumbing 
system  in  a  building,  ap- 
pear to  be  in  demand  for 
special  places  or  special 
work.  The  chief  advan- 
tages claimed  for  them 
are  the  reduced  cost  of 
installation  and  the  small 
amount  of  space  they 
occupy.  Fig.  21  shows 
one  of  these  closets  con- 
nected up  complete.  It 
is  essentially  composed  of 
an  ordinary  siphon- jet 
closet,  the  horn  of  which 
is  connected  to  a  lever- 
handle  valve  attachment, 
^^^-  21  as  shown  at  a,  and  which 

is  supplied  with  water  from  the  regular  house  service  pipes. 
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37.  Flufthlniir  Apparatus. — Fig.  22  shows,  in  section, 
the  valve  attachment  mentioned  in  the  previous  article.  It 
is  known  to  the  trade  as  the  FliLshoineter,  which  is  the 
name  applied  to  it  by  the  manufacturer.  This  valve  is 
principally  composed  of  an  outer  casing,  an  inner  casing, 
two  valves,  and  a  lever  handle.     The  outer  casing  is  tapp>ed 
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IJ  inches  or  IJ  inches  at  a,  to  connect  to  an  iron  water- 
supply  pipe.  The  outer  casing  above  the  valve  seat  b  is 
therefore  subject  to  the  full  water  pressure  when  the  closet 
is  not  in  use.  The  inner  chamber  c  is  screwed  over  the 
valve  seat.     A  number  of  holes  (about  i  inch  diameter)  are 
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drilled  all  around  this  chamber  at  d,  to  allow  water  to  flow 
from  the  outer  chamber  into  the  inner  chamber;  a  regula- 
ting ring  e  is  arranged  to  screw  down  over  the  port  holes 
at  d^  and  thus  regulate  the  volume  of  the  flush.  The  coup- 
ling f  connects  to  the  closet  with  a  slip  joint.  When  the 
handle  ^jff  is  pulled  toward  the  closet,  a  lever  arm  raises  the 
valve  stem  //,  thus  opening  a  small  relief  valve  /  before 
the  large,  or  flush,  valve  j,  is  opened  by  a  crosshead  k 
engaging  the  hollow  stem  /.  The  relief  valve  allows  water 
in  c  to  freely  escape  to  the  closet  bowl  when  j  is  raised 
quickly.  When  the  large  valve  is  raised  off  its  seat,  water 
flows  freely  from  a  through /to  the  flushing  rim  and  siphon- 
jet  channel  of  the  closet.  When  the  handle  has  been  pulled 
over  as  far  as  it  will  go,  the  plunger  ;//  and  the  two  valves 
are  raised  to  the  top  of  the  chamber  r,  and  the  water  in  c 
has  been  displaced  by  the  plunger.  As  soon  as  the  hand  is 
removed  from  the  handle  g,  the  relief  valve  closes  automatic- 
ally, and  as  the  plunger  fits  the  inner  chamber  closely,  the 
large  valve  falls  to  its  seat  with  a  speed  that  varies  with  the 
size  of  the  opening  that  allows  water  to  enter  c  and  occupy 
the  space  that  the  plunger  is  vacating  as  it  falls. 

38.  To  regulate  the  falling  speed  of  the  plunger,  which 
also  means  to  regulate  the  length  of  time  that  the  closet  will 
be  flushed,  a  regulating  screw  //  is  provided;  this  has  a 
ta[)ering  slot  cut  on  the  thread.  Hy  unscrewing  ;/,  the 
small  water  passage  is  increased  and  the  duration  of  the 
flush  is  shortened.  By  screwing  down  ;/,  the  aperture  is 
closed  more  and  the  duration  of  the  flush  is  increased.  To 
insure  a  refilling  of  the  closet  bowl  before  the  flush  stops, 
i.  e.,  to  cause  the  latter  part  of  the  flush  to  flow  slowly  into 
the  (*Ioset  l)owl  and  thus  refill  it  without  dangrr  of  another 
siphonic  action  in  the  closet,  a  ring  or  controller  o  is  loosely 
fitted  around  /.  When  the  valve  is  raised,  this  allows  water 
to  come  easily  to  the  closet  at  first,  but  when  the  valve  is 
raised  about  one-quarter  of  its  range,  the  ring  o  is  also 
raised  above  the  level  of  the  valve  seat  and  the  full  volume 
of  the  flush  goes  to  the  closet.      If  this  ring  were  omitted, 
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the  flush  (from  a  high-pressure  source)  would  come  to  the 
closet  with  such  speed  as  to  jar  the  fixture  and  make  a  dis- 
agreeable noise.  If  the  flushometer  is  properly  adjusted  to 
suit  the  conditions  under  which  it  operates,  a  nearly  noise- 
less and  thorough  flush  can  be  obtained. 

39.  Flushometers  are  made  to  operate  under  high  or  low 
pressure,  but  as  a  rule  they  are  not  suitable  for  pressures 
less  than  10  pounds  by  the  gauge. 

40«  If  the  service  pipe  that  supplies  the  closet  valve  is 
sufficiently  large  to 
insure  an  abundant 
supply  of  water  for 
flushing,  the  form  of 
closet  shown  in  Fig.  21 
will  give  satisfactory 
results.  But,  if  the 
pipes  are  small  and 
the  supply  not  abun- 
dant, the  closets  will 
not  flush  satisfactorily 
no^  matter  what  pres- 
sure may  be  in  the 
pipes.  If  the  service 
pipe  that  supplies  a 
building  with  water 
from  a  street  main  is 
I  inch  or  less,  it  is 
practically  impossible 
to  obtain  a  direct 
flush  of  sufficient  vol- 
ume and  force.  In 
such  a  case  it  is  nec- 
essary to  use  a  tank  a, 
Fig.  23,  in  the  attic  or 
elsewhere,    to    supply  ^'°-  ^ 

the  closets.     The  tank  should  contain  from  5  to  6  gallons 
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of  water  for  each  closet  supplied  from  it.  A  downward 
supply  pipe  h,  whose  size  will  depend  on  the  number  of 
•closets  that  are  likely  to  be  flushed  at  the  same  time,  is 
used  to  supply  all  the  closets.  In  the  illustration,  the  sizes 
given  should  produce  good  results. 

Fig.  23  illustrates  how  the  direct-flushing  closet  is  par- 
ticularly adapted  to  be  placed  under  window^,  as  at  r;  under 
stairs,  as  at  d\  or  on  platforms  where  there  is  no  headroom 
for  an  ordinary  flushing  tank,  as  at  e. 


41.     If  a  tank  is  not  used,  and  if  the  service  pipe  from 

the  street  main  is  small 
(say  1  inch  or  less),  a 
direct-flushing  valve  a^ 
Fig.  24,  may  be  used  in 
combination  with  an  air 
chamber  b.  A  |-inch 
pipe  c  connecting  to  the 
city  mains  delivers  water 
into  the  base  of  the  air 
chamber,  but  above  the 
flushing  valve.  The  street 
pressure  compresses  .  the 
air  in  b,  and  thus  fills  it 
with  water  to  a  height 
commensurate  with  the 
pressure.  Thus  a  consid- 
erable volume  of  water  is 
stored  in  b  under  full  city 
pressure.  The  instant  the 
handle  d  of  the  valve  is 
pulled  down  and  the  flush 
valve  opened,  the  water 
in  b  is  swiftly  discharged 
into  the  closet  by  the  exr 
panding  compressed  air 
in  the  chamber  b.  As 
soon  as  the  air  has  expanded  to  a  low  pressure,  the  flush 
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becomes  too  weak  to  be  effective;  it  is  useful  then  only 
to  refill  the  bowl.  Hence  the  necessity  of  a  large  dir 
chamber. 

Since  air  chambers  lose  air  by  its  absorption  in  the  water, 
the  chambers  should  be  occasionally  replenished.  Hence 
the  tank-supply  system  has  an  advantage  over  the  street- 
pressure  system  with  air  compression  chambers. 

42.  The  flushometer  should  take  from  7  to  12  seconds  to 
fltish  properly.  In  fitting  up  these  fixtures,  the  plumber 
must  be  careful  that  no  red  lead  or  other  cement  used  in 
making  up  the  joints  is  allowed  to  get  into  the  inner 
chamber,  as  this  may  prevent  the  valve  falling  to  its  seat. 

43.  To  determine  whether  a  flushometer  can  be  success- 
fully op)erated  from  a  street  supply,  first  disconnect  the  serv- 
ice pip)e,  then  turn  on  the  water  full  force  and  allow  it  to 
run  for  10  seconds.  If  the  volume  of  water  discharged  in 
that  time  is  not  equal  to  or  greater  than  5  gallons,  it  may 
safely  be  decided  that  the  water  supply  is  not  sufficient  for 
a  direct  flush. 


PNEUMATIC  SIPnOX  CLOSETS 

44.  Pneumatic  siphon  closets  have  two  traps  and  an 
air  chamber  between.  The  lower  trap  is  usually  located 
under  the  floor,  being  separated  from  the  closet  proper. 
A  j-inch  or  ^-inch  tube  connects  the  air  chamber  to  an  air 
ejector  located  inside  the  flush  pipe  just  under  the  tank. 
As  the  water  falls  down  the  flush  pipe  from  the  overhead 
tank  to  the  flushing  rim  of  the  closet,  it  draws  air  from  the 
chamber  between  the  traps  and  thus  starts  siphonage  of  the 
bowl. 

T^is  form  of  closet  is  not  so  popular  as  the  siphon-jet 
closet.  It  has  the  disadvantage  of  discharging,  along  with 
the  water,  the  foul  air  from  the  trap  chamber  through 
the   flushing   rim,  whence    it   is  liberated    into  the  rooms; 
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therefore,  from  a  sanitary  point  of  view,  it  is  not  so 
dciiiiable  as  the  siphon-jet  or  front-outlet  washout  closets. 
Besides,  it  has  more  parts  to  become  choked  or  otherwise 
impaired  by  usage. 
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4:5,     Closet  Construction* — There  are  a   large  number 

of  water  closets  constructed 
with  connections  for  local 
vents,  but  usually  the  horns 
are  too  small  for  natural 
draft  ventilation,  being  only 
about  2  inches  in  diameter. 
A  closet  especially  con- 
ff^  structed    with    large    local- 

vent  openings  is  shown  in 
Fig.  25-  Two  large  vent 
openings  a,  ^  in  the  form  of 
a  horseshoe  are  molded  in* 
side  the  porcelain  body,  a 
4-ifich  outlet  being  made  at 
the  back  of  the  closet  to 
connect  to  a  4-ineh  local- 
vent  pipe  ^,  that  runs  up  in- 
Side  the  walls  against  which 
the  closet  is  set.  The  inlet 
openings  for  the  local  vent 
in  the  bowl  are  above  the  water-line  of  the  bowl,  and  the 
closet  is  so  constructed  that,  while  being  flushed,  water 
cannot  back  into  the  local-vent  openings.  The  local-vent 
pipe  /;  f^hould  be  continued  to  a  permanently  hot  flut%  and 
either  connected  to  the  flue  or  run  up  to  and  through  the 
roof  alongside  of  the  flue  in  such  a  manner  that  it  will  be 
heated  by  the  flue.  This  is  necessary  in  order  to  insure  a 
positive  upward  current  in  the  local- vent  pipe  at  all  ti^es. 

40i     Ventlnjur  Meehanlsrn*— -In  places  where  it  is  impos 
sible  to  obtain  the  aid  of  a  permanently  heated   flue,  it  i^ 
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necessary  to  insure  a  positive  ventilation  by  means  of  mech- 
anism. For  example,  a  fan  a  operated  by  a  small  electric 
motor  b  may  be  used,  as  shown  in  Fig.  26,  but  as  this  is  an 
expensive  installation,  it  is  very  seldom  used  except  in 
hotels  or  other  such  buildings  where  the  local  vent  from  a 
large  number  of  closets  can  be  connected  together  and 
joined  to  the  fan  inlet,  as  shown.     The  discharge  pipe  c  from 
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the  fan  delivers  the  foul  air  into  the  outer  atmosphere, 
preferably  above  the  roof.  Local-vent  pipes  may  be  made 
of  No.  20  oi*  28  galvanized  sheet  iron;  joints  and  seams 
should  be  riveted  and  soldered  or  otherwise  made  air-tight. 
If  a  local-vent  pipe  is  taken  from  a  closet  and  run  up 
through  the  roof  away  from  a  heated  flue,  there  will  be 
times  when  a  down  draft  will  occur.  This  is  decidedly 
objectionable  and  renders  the  local-vent  pipe  more  danger 
Qus  than  useful. 
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47.  Fig.  27  shows  a  sectional  view  of  a  small  ventilator 
for  local  venting  a  closet  by  mechanical  means;  it  is  oper- 
ated  automatically,   and   can   be  connected   to  any  closet 


having  the  si*at  attached  to  the  bowl.  When  the  seat  is 
being  used,  the  push  button  a  is  pressed  down,  opening  the 
valve    b    by   the  lever   c.     Tliis    allows    the   water    to    flow 


through  the  pip 
'  ole  through  which  the  wate 
impulse  wheel  operating  the 
the  water  wheel  shaft,  as  shown 


*  €^  which  has  a  smaU 

n  the  blade  f  of  an 

g,  which  is  connected  to 

The  revolving  fan  draws 


the  foul  air  from  the  closet  bowl  h  through  a  special  inlet  i 
located  under  the  seat,  and  ejects  it  to  the  outer  atmos- 
phere through  the  vent  pipe  j\  as  shown  by  the  arrows. 
After  the  water  passes  the  wheel,  it  flows  back  to  the  closet 
along  the  bottom  of  the  vent  tube. 

48.     Fig,  28  shows  the  ventilator  connected  to  a  lt)w-down 
tank  stphon-jet  water  closet.     All  parts  visible  have  been 
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WATER-CL.OSET  RANGES 


TROUGH  CLOSETS 

49.  A  trougrh  closet,  or  closet  rangre,  as  it  is  commonly 
called,  is  simply  a  long  narrow  water-supplied  trough  pro- 
vided with  an  outlet  at  its  lower  end,  the  trough  being  sur- 
mounted by  a  row  of  water-closet  seats  with  or  without 
partitions  between  them.  They  are  used  chiefly  in  cheap 
schoolhouses,  barracks,  workshops,  etc.,  and  for  public 
places,  such  as  in  the  streets,  squares,  and  parks  of  cities, 
where  closets  receive  the  worst  usage.  If  they  are  in  charge 
of  a  janitor  or  other  attendant,  they  may  be  provided  with 
any  suitable  form  of  hand-flushing  device.  But,  if  there  is 
liability  of  neglect  in  attention,  they  should  be  flushed 
automatically. 

50.  Fig.  29  (a)  shows  an  automatic  siphon  water-closet 
range  in  common  use.  A  cross-section  through  the  trough 
is  shown  in  detail  in  Fig.  29  (d).  The  trough  a  is  made  of 
cast  iron,  which  should  be  enameled  white  inside.  The 
bottom  pitches  slightly  down  to  the  discharge  opening  ^. 
Two  traps,  c  and  (/,  are  placed  on  the  drain  that  conveys  the 
contents  of  the  trough  to  the  sewer.  The  space  between 
c  and  ^is  air-tight.  A  |-inch  or  1-inch  air  pipe  e  connects 
with  the  water  in  the  tank /in  such  a  manner  that  when  the 
water  is  being  discharged  from  the  tank  a  strong  suction  is 
produced  that  draws  air  from  the  space  g:  A  large  pipe  /i 
(usually  4-inch  or  5-inch)  connf?cts  the  bottom  of  the  tank 
to  a  large  fan  or  spreader  /',  and  to  two  perforated  flush 
pipes  y,y  running  the  full  length  of  the  trough  under  the 
closet  seats.  The  tank  is  of  the  automatic  class,  and  the 
trough  operates  on  the  pneumatic  discharge  principle.  Par- 
titions are  shown  between  the  closets.  The  spaces  between 
the  partitions  are  known  as  stalls. 

A  ventilating  extension  is  j)laced  at  the  discharge  end  of 
the  trough,  and  its  collar  X'  is  fitted  with  a  sheet-metal  flue  /, 
which  is  continued  up  to  and  through  the  roof,  alongside  or 
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inside  of  a  warm  flue.     This  is  a  local  vent  that  carries  off 
odors  from  the  trough,  as  shown  by  the  arrows. 

61  •  The  operation  of  this  apparatus  is  simple.  Water 
from  the  city  mains  or  house  tank  enters /through  a  ^-inch 
or  J-inch  pipe  ;;/,  the  stop-cock  being  regulated  so  that  the 
tank  will  fill  about  once  each  hoiir  or  longer,  according  to 
existing  conditions.  At  the  proper  time,  the  tank  begins  to 
discharge  its  contents  through  //,  i,  andy.  At  the  same  time 
a  partial  vacuum  is  produced  in  ^that  causes  the  water  in^ 
to  immediately  flow  into  g  and  start  a  siphonage  of  the 
trough.  The  water  coming  from  the  inlet  /pushes  all  solids 
toward  the  outlet.  The  tubes/, /cleanse  the  sides  of  the 
trough.  When  the  siphonage  stops,  the  trap  d  retains  its 
seal  and  the  trough  is  refilled  from  the  tank  to  about  the 
level  shown. 

LJ^TRIXES 

63,  Ijatrines  are  a  series  of  strong  stoneware  or  cast-iron 
pans  or  closet  bowls,  usually  porcelain -lined,  connected  at 


their  bottom  by  a  large  pipe  that  forms  part  of  them  and 
that  has  a  gentle  fall  to  the  outlet  end. 

Fig.  30  shows  a  form  that  is  flushed  by  hand.  The  bowls 
a,  a,  etc.  are  furnished  with  flushing  rims.  A  plunger  i, 
which  also  acts  as  an  overflow,  is  seated  water-tight  in  the 
phingei»  chamber.  There  are  many  different  ways  of  flush- 
ing the  bowls.  The  one  shcnvn  is  similar  in  principle  to  the 
method  of  flushing  the  j)lunger  closet  in  Figs,  'i  and  3.  The 
valve  c  is  opened  or  closed  by  the  ball  float  falling  or  rising 
with  the  water  in  the  plunger  chamber,  which,  of  course, 
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corresponds  with  the  water-line  of  the  closet  bowls.  The 
branches  that  connect  to  the  flushing  rims  of  the  bowls  are 
smaller  than  the  main  flush  pipe  d.  Latrines,  although 
superior  to  trough  closets,  are  not  very  desirable  fixtures. 
In  this  particular  style,  the  entire  row  must  be  flushed  in 
order  to  cleanse  any  one  bowl.  A  more  sanitary  arrange- 
ment can  be  obtained  by  simply  using  individual  closets 
separately  trapped  and  flushed  from  separate  tanks  overhead. 
Probably  the  greatest  objection  to  the  latrine  shown  here  is 
that,  should  a  partial  vacuum  be  formed  in  the  supply  pipe  ^, 
foul  air  in  the  closet  bowls  may  be  sucked  into  e  when  the 
plunger  b  is  raised  and  thereby  contaminate  the  water  sup- 
ply to  other  outlets.  If  the  latrines  are  arranged  to  be 
flushed  from  a  large  tank  overhead,  this  danger  will  be 
overcome. 

Latrines  are  used  chiefly  in  public  places,  schools,  railroad 
stations,  factories,  barracks,  etc.,  and  are  usually  under  the 
control  of  a  janitor. 


Fio.  31 


63.     Fig.   31  shows  a  set  of  modern  automatic  latrines 
fitted    up    complete.      It    is    composed    of    a    number    of 
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enameled  cast-iron  bowls  a,  a,  etc.,  each  furnished  with  a 
flushing  rim.  A  double-trap  pneumatic  siphon  arrange- 
ment similar  to  that  shown  in  Fig.  29  is  located  at  b.  The 
cast-iron  flushing  tank  c  operates  automatically,  and  is  sup- 
ported on  the  partitions  d,  d.  The  flush  pipe  branches  off 
at  its  base  with  a  twin  elbow,  shown  by  dotted  lines  at  e. 
This  splits  the  flush  and  diverts  it  equally  to  the  two  hori- 
zontal pipes  /,/.  Branches  are  taken  from  these  pipes,  as 
shown  by  dotted  lines,  to  flush  the  bowls,  and  the  extreme 
end  of  each  pipe /returns  and  joins  the  higher  ends  of  the 
trunk  lines  ^,^,  as  shown  at  h.  The  return  bends  //,  //  thus 
flush  g^  g^  while  the  smaller  branches  i  flush  the  bowls.  The 
air  pipe/ connects  to  the  top  of  the  flush  pipe  and  acts  the 
same  as  e  in  Fig.  29. 

64.  The  dimensions  best  adapted  to  latrine  stalls  for 
schools  are  about  2  feet  between  stalls;  16  inches  to  top  of 
seat;  5  feet  to  5  feet  0  inches  from  fl(X)r  to  top  of  partitions; 
about  8  feet  from  the  floor  to  the  top  of  the  tank;  diameter 
of  outlet,  5  inches. 

66.  When  a  set  consists  of  5  latrines  or  less,  the  outlet 
section  is  placed  at  the  end.  When  it  consists  of  more  than 
5  and  up  to  10  latrines,  the  outlet  section  is  placed  in  the 
center,  as  shown.  When  it  is  desired  to  have  more  than 
10  latrines  in  a  battery,  they  should  be  set  back  to  back  in 
the  middle  of  the  floor  This  will  allow  20  latrines  in  one 
battery,  which  are  supplied  from  one  tank  over  the  center. 


WATE Il-C  LOSKT  STALLS 

66.     Water-closet  stalls,   or  closet    apartments,    are 

usually  constructed  with  marble  partitions,  nickel-plated 
brass  fastenings,  and  special  doors.  The  walls  a^ain.st 
which  the  closets  are  set  are  generally  covered  with  glazed 
tiles,  slate,  or  marble  slabs,  and  the  floors  of  the  stalls  are 
commonly  of  the  same  material.     The  stalls  are  generally 
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arranged  side  by  side  against  one  of  the  walls  of  the  toilet 
room  in  which  they  are  located. 

67.  Fig.  32  shows  marble  or  slate  stalls  in  which  water 
closets  a,  a,  a,  are  located.  These  dosets  are  flushed  by 
tanks  ^,  ^,  d.     The  stall  partitions  c,  c^  c  and  stiles  d^  d^  d  are 
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separate  slabs  supported  on  nickel -plated  brass  legs,  or 
standards,  e^  e^  e.  They  are  braced  on  top  by  nickel-plated 
brass  pillars  y,  /,  /  and  a  pipe  railing  g.     The  dimensions 
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of  each  stall  are  about  3  feet  ii  inches  wide;  5  feet  8  inches 
from  front  to  rear,  and  6  feet  6  inches  high.  These  dimen- 
sions  are  not  arbitrary,  for  the  stalls  can  be  made  any  size. 
The  rear  ends  of  the  partitions  are  let  into  the  wall  about  H 
or  2  inches  for  support  and  secured  with  nickel-plated  brass 
brackets.  The  doors  are  usually  hinged  to  the  stiles  with 
spring  hinges.  The  only  locking  attachment  required  is  a 
bolt  inside,  and  it  is  advisable  that  the  lock  be  so  con- 
structed that  when  closed  a  sign  will  be  moved  on  the  front 
of  the  door  to  indicate  whether  the  stall  is  occupied  or  not. 
The  thickness  of  the  marble  should  be  at  least  IJ  inches, 
which,  if  the  marble  is  good,  is  sufficiently  strong  for  ordi- 
nary service.  The  partitions  and  doors  should  never  extend 
to  the  floor.  There  should  be  a  clear  space  of  about  1  foot 
for  ventilation  and  for  convenience  in  scrubbing  the  floor. 

68.     Fig.  33  (a)  shows  a  good  form  of  corner  standard, 
and  Fig.  33  (b)  a  common  intermediate  standard   to  sup- 


(c) 


port  a  stile  with  the  recess  a  and  a  partition  with  the 
recess  I?.  After  the  slabs  arc  set  in  their  respective  places, 
holes  are  drilled  through  them  to  match  the  holes  c  in  the 
standards  and  other  fixings;  then  screw  bolts,  similar  to 
that  shown  in  Fig.  33  (i),  are  used.  The  part  n  is  the  nut. 
It  is  tapped  to  fit  the  bolt  and  has  a  half-round  head  with  a 
slot  in  it.  This  makes  a  very  neat  bolt  and  nut  for  marble 
work. 
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WATER-CLOSET  DETAILS 


WATER-CIiOSET   SEATS 


TVAIil>ATTACirEI>  SEATl^ 

59.  Water-closet  seats  are  given  many  forms,  but  very 
few  of  them  have  a  proper  shape.  Several  state  boards  of 
health  have  settled  on  the  shape  shown  in 
Fig.  34  as  the  best  form,  and  recommend 
its  general  use.  They  say:  '*The  hole  in 
the  seat  should  be  long  from  front  to  back, 
but  narrow  from  side  to  side.  It  should 
never  be  made  circular,  as  carpenters  will 
do  unless  otherwise  instructed.  The 
proper  dimensions  are  11  inches  by 
4  inches.  The  edges  should  be  moderately 
beveled.     This  shape  will  make  the  act  of 

relief  much  easier  and  tend  greatly  to  prevent  that  painful 
disease,  hemorrhoids." 

60.  Fig.  35  shows  a  wall -attached  seat  a,  cover  d, 
and  back  c.  A  bracket  d  is  screwed  to  the  under  side  of  the 
strip  e  near  each  end.  The  brackets  are  then  screwed  to 
the  wall  at  such  a  height  that  the  seat  will  be  level  when  it 
rests  on  the  closet,  and  in  such  a  position  that  the  center  of 
the  seat  will  be  over  the  center  of  the  closet.  A  notch  is  cut 
in  the  middle  of  r,  to  allow  space  for  the  flush  pipe/.  The 
back  c  is  hollow,  being  in  the  form  of  a  box.  A  neat  hole  is 
cut  on  top  of  c  to  fit  the  flush  pipe.  This  makes  a  strong 
seat  that  is  independent  of  the  closet.  Being  rigidly  secured 
to  the  wall,  the  closet  cannot  be  shaken  and  the  floor  joint 
consequently  loosened  by  an  ordinary  use  of  the  closet;  this 
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For  public  places,  it  is  advisable  to  omit  the  cover  and 
use  only  the  plain  seat.  Covers  are  useful  in  private  bath^ 
rooms,  because  they  allow  the  closet  to  be  used  as  a  chair. 


CliOSET-ATTACHKD  SEATS 

62.     A   closet-attached  seat  of  the   common    form   is 
shown  in  plan  in  Fig.  37.     It  is  made  of  hardwood,  generally 
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oak,  ash,  walnut,  or  mahogany.  The  distance  from  the  wall 
to  the  front  of  a  closet  seat  varies,  but  is  usually  somewhere 
between  22  and  24  inches. 

In  Fig.  37,  the  back  part  a  is  firmly  bolted  to  the  closet, 
and  the  front  part  is  hinged  to 
the  back  part ;  the  flush  pipe  b 
comes  up  between  the  closet 
and  wall.  The  common  form 
of  hole  in  the  seat  is  shown  by 
this  illustration;  the  objection 
to  this  form  is  that  it  proves 
uncomfortable  for  many  people. 

3*  A  dlshed-out  closet 
seat  is  shown  in  Fig.  38.  The 
dimensions  are  taken  from  one 
of  the  best  and  most  comfort-  fig.  ss 

able  closet  seats  made.     The  upper  surface  of  the  seat  is 
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nicely  countersunk,  or  dished  out.  The  sectional  views  are 
shown  projected  from  the  plan  so  that  an  accurate  idea  of 
the  curves  may  be  obtained. 

64.  Closet  seats  should  be  so  made,  and  the  grain  of  the 
wood  so  arranged,  that  the  wood  will  not  warp,  sliver,  or 
fall  to  pieces.  Quartered  oak  in  two  or  three  layers  crossed, 
or  in  one  piece  with  dowels  and  cross-strips,  seems  to  be  the 
best  material. 

SEAT  BUFFERS 

66.  Seat  biilTers  are  small  cushions  of  rubber  used  to 
prevent  the  seat  from   striking  the   porcelain  rim   of   the 

closet  and  also  to  prevent 
the  cover  from  scratching 
the  seat.  Four  buffers,  or 
buttons,  as  they  are  some- 
times called,  should  be 
attached  to  the  under  side 
of  the  seat,  and  four  to  the 
under  side  of  the  cover.  A  buffer  should  also  be  attached 
to  the  flush  pipe  if  the  seat  or  cover  folds  back  against  it. 
The  proper  location  for  buffers  is  shown  by  dotted  circles, 
as  r,  in  Fig.  37.  A  buffer  /on  a  flush-pipe  strap  is  shown 
in  Fig.  17.  Fig.  39  shows  a  good  form  of  buffer.  The 
shank  is  let  into  a  hole  bored  in  the  wood,  and  a  J-inch 
brass  screw  holds  the  buffer  in  its  place.  The  head  of  the 
screw  must  be  set  well  into  the  rubber,  to  prevent  its 
striking  the  porcelain  when  the  rubber  is  compressed. 


Pig.  39 


WATER-CLOSET    C0]S:NECTI0NS 


bac:k-\t:nt  connkctioxs 

66.  Owing  to  the  fact  that  rigid  connections  to  porce- 
lain closets  invariably  break  the  porcelain,  all  leading  health 
departments  forbid  back-venting  closets  from  the  porcelain. 
Fig.  40  sliows  how  the  back-vent  fonnectlons  are  usually 
made.     A  2-inch  back-vent  pipe  a  is  wiped    to   the    inner 
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curve  of  the  4-inch  lead  bend  b,  as  shown.  The  horizontal 
part  of  the  vent  pipe  is  inclined,  so  that  any  water  backed 
up  into  it  may  drain  out  into  b.     The  conical  top  c  on  the 
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bend  shows  how  the  open  end  above  the  floor  is  drawn  in 
with  the  dresser;  it  is  then  soldered  tight,  so  that  it  may 
successfully  resist  the  pressure  of  a  water  test. 


SOIL-PIPE  CONXECTIONS 

67.  The  soil-pipe  connection,  that  is,  the  joint 
between  the  outlet  of  the  water  closet,  or  trap,  and  the  soil 
pipe  where  it  passes  through  the  floor,  as  at  r,  in  Fig.  40,  is 
a  matter  of  great  importance.  The  common  joint,  which  is 
made  with  putty,  the  porcelain  flange  being  secured  to  the 
floor  by  screws,  is  rarely  air-tight  or  gas-tight,  although  it 
may  not  leak  water. 

68.  Porcelain  closets  are  commonly  attached  by  means 
of  a  brass  floor-plate  Joint,  as  shown  in  Fig.  41.  The  soil- 
pipe  branch  a,  if  of  lead,  is  soldered  to  a  brass  flange  b, 
which  is  secured  to  the  floor.  A  rubber  gasket  c  is  put 
between   the  flanges,  and  the    porcelain  closet  flange  d  is 
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screwed  down  on  it  by  three  or  four  screws  or  bolts,  which 
should  be  of  substantial  size  and  be  provided  with  washers, 
as  at  e. 

The  porcelain  flani»:e  has  but  little  strength  and  is  easily 
broken;  therefore,  great  care  should  be  taken  in  screwing 
up  the  joint  to  avoid  breakage. 

Sometimes  the  lead  pipe  is  flanged  over  on  the  floor  and 
the  porcelain  flange  is  set  on  it  with  a  bedding  of  putty. 
Such  a  joint  will  not  remain  gas-tight;  it  is  worthless,  and 
should  not  be  allowed.     The  best  plan  is  to  have  only  the 


Fig.  41 

bowl  made  of  porcelain,  and  to  have  the  trap  made  of  iron 
porcelain-lined  or  of  other  metal;  this  can  then  be  calked 
into  the  hub  of  the  soil  pipe  and  a  secure  joint  made. 

The  joint  between  porcelain  and  metal,  which  every  porce- 
lain fixture  must  have,  should  be  on  the  house  side  of  the 
seal  of  the  trap.  Joints  between  metal  and  porcelain  are 
weak  and  unreliable,  and  should  not  be  subjected  to  sewer 
gas.  The  porcelain  flange  shown  in  Fig.  41  is  weak  and 
liable  to  be  broken  if  the  closet  receives  a  jar  or  rough 
usage.  A  closet  with  a  strong  broad  base  should,  therefore, 
be  selected. 

09.  Fig.  42  {a)  shows  in  plan,  and  Fig.  42  (b)  in  section, 
a  strong  and  secure  method  of  setting  a  porcelain  water 
closet  on  a  marble  slab.     The  top  of   the  lead  bend  a  is 
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soldered  to  a  brass  floor  flange  b.  The  closet  is  then  set 
temporarily  and  the  holes  are  marked  on  the  marble  for  the 
expansion  bolts  r,  c,  etc.,  which  are  located  at  each  corner 
of  the  closet  base,  as  shown  in  the  plan.  The  closet  is  then 
removed,  and  the  four  bolt  holes  are  drilled  in  the  marble. 
The  expansion  bolts  are  next  secured  in  position,  and  the. 
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closet  is  set  permanently,  a  soft  rubber  gasket  being 
employed,  as  shown  at  d,  to  make  the  joint  gas-light,  and 
plaster  of  Paris,  or,  better  still,  Keene's  cement,  being  us<m1 
to  fill  the  space  v  and  thereby  cement  the  base  sohd  to  the 
marble.  If  a  porcelain  closet  is  set  in  this  manner,  there 
will  be  no  danger  of  the  gasket  joint  leaking  by  the  closet 
being  jarred,  or  of  horns  being  broken  from  the  same  cause. 
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70.  The  ordinary  brass-bolted  floor  flange  makes  a  good 
connection,  but  if  it  should  ever  become  imperfect  there  is 
no  suitable  means  of  knowing  the  fact  without  applying  a 
smoke  test.  Closet  connections  are  the  weakest  points  of  a 
drainage  system,  and  are  often  dangerously  defective. 
They,  therefore,  require  thoughtful  consideration  as  well  as 
very  careful  work  in  making  them. 


Fig.  43 


71.     One  of  the  best  floor  connections  is  shown  in  Fig.  43. 
This  is  a  water-sealed  floor  eounection.     The  pipe  a  is 

continued  IJ  inches 
above  the  flnished 
floor,  the  end  being 
rounded  and  free 
from  burrs.  The 
floor  is  countersunk 
to  receive  a  support- 
ing flange  ^,  which 
is  attached  to  the 
pipe.  A  brass 
flange  c  compresses 
the  rubber  gasket  d 
against  the  porcelain  when  the  bolts  e  are  drawn  up;  an 
annular  space  is  thus  formed  around  the  neck  of  the  pipe  £i, 
which  fills  with  water  at  the  first  operation  of  the  closet, 
thus  sealing  the  connection, 
water  will  run  out 
on    the    floor;    if    it 

does  not,  gas  cannot         

escape.  This  con- 
nection, therefore,  is 
self-testing. 

TZ.     A    tliivmlcd 
floor  c'onniH'tlon   is 

shown    in    section    in 

Fij^.   U.      It  is  calked  with  lead  at  a  and  cemented  into  the 

i)ase  /'  of  the  closet   by  the  manufacturer.     The  joint  thus 


If  the  connection  leaks,  this 
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formed  makes  the  brass  connection  equivalent  to  an  inte- 
gral part  of  the  closet,  and  the  porcelain  is  liable  to  break 
before  this  connection  loosens.  The  chief  advantage  of 
this  connection  is  its  metal-to-metal  bearing,  which  avoids 
the  use  of  rubber  or  other  gaskets. 

The  brass  coupling,  or  brass  ring  c,  which  is  threaded 
inside,  is  wiped  to  the  lead  bend  d  in  such  a  manner  that 
when  the  closet  is  screwed  down  it  will  sit  flat  on  the  floor 
and  be  in  its  exact  position  when  the  thread  is  screwed  up 
tight;  otherwise,  the  bend  will  be  twisted  in  making  the 
last  turn  of  the  closet.  Lugs  may  be  formed  on  the  bend 
and  secured  to  the  floor  by  screws,  if  desired,  to  positively 
prevent  the  bend  from 
being  twisted. 

73.  Great  care 
must  be  taken  to  have 
the  face  of  the  ring 
parallel  with  the  plane 
of  the  floor;  therefore,  ^^^' ^ 

the  use  of  a  gauge,  as  shown  at  a  in  Fig.  45,  is  advised. 
The  ring  should  be  screwed  up  on  the  closet  first  by  hand, 
and  the  front  marked  so  that  it  will  not  be  soldered  in  wrong. 


FL.USH-PIPE  CONNKCTIONS 

74.  The  flush-pipe  connection,  that  is,  the  connection 
between  the  inlet  horn  and  the  flushing  pipe,  is  commonly 
made  in  the  older  forms  of  closets  by  a  screw  coupling,  as 
shown  in  Fig.  46.  The  brass  nipple  a  is  sometimes  put  in 
place  before  the  porcelain  is  baked,  and  it  becomes  loose 
during  the  baking  process.  To  tighten  it,  a  locknut  b  and  a 
rubber  gasket  c  are  used,  as  shown.  This  joint  is  rigid.  If 
the  flush  pipe  //is  riy^idiy  atlachcMl  to  the  walls,  atul  there  is 
any  settlement  of  the  building  after  the  attachment  to  the 
closet  is  made,  or  if  the  closet  is  jarred  much,  a  great  strain 
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is  brought  on  the  coupling,  which  frequently  breaks  off  the 
horn  at  e,  e. 


Pig.  46 

75.  Another  way  to  make  the  connection  is  shown  in 
Fig.  47.  A  rubber  collar  a  is  molded  to  fit  the  outside  of  the 
horn  and  the  flush'  pipe  b.     It  is  secured  to  both  by  winding 

with  copper  wire  at 
c  and  d.  If  the  rub- 
ber is  of  good  qual- 
ity, this  joint  will  be 
durable  and  will  ac- 
commodate itself  to 
any  ordinary  settle- 
ment of  the  building 
or  jarring  of  the 
fixture. 

F^«-^'  Should  there  be 

danger  of  an  (extraordinary  settlement,  the  flush  pipe  b 
should  he  connected  to  I  he  horn  i)y  a  rubbt*r  elbow  or  bend. 
It  has  been  found,  however,  that  this  attachment  is  not 
durable. 

70.  Brass  flush-pipe*  (nnine(*tions  to  closet  horns  should 
be  made  with  a  slij)  j<M!it,  as  ;it  /in  Fig.  17.  This  form  of 
joint  has  proved  to  be  cjuite  reliable  for  ordinarily  well-con- 
structed   buildings.     The    strongest   and    presumably    best 
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form  of  connection,  however,  is  that   in   which  the   flush 
pipe  a  enters  the  top  of  the  porcelain,  as  in  Fig.  48.     A 


Pig.  48 

thick  soft-rubber  gasket  b  is  pressed  against  the  flush  pipe 
and  the  shoulder  of  the  brass  casting  c,  which  makes  the 
joint  water-tight.  The  flush  pipe,  however,  has  freedom  to 
move  without  affecting  the  strength  or  tightness  of  the 
joint.     This  form  of  flush-pipe  connection  is  recommended. 


FliUSHING  TANKS 


INTU01)UC:TI0N 

77.  ClaAiifleation. — A  flushing  tank  is  a  tank  or  cis- 
tern intended  to  contain  or  store  water  for  the  purpose  of 
flushing,  i.  e.,  washing  out  water  closets,  urinals,  slop  sinks, 
drains,  sewers,  etc.  A  flushing  tank  is  therefore  intermittent 
in  its  action;  that  is  to  say,  its  contents  are  discharged  at 
intervals.  TheVe  are  two  general  classes  of  flushing  tanks: 
(1)  that  class  whose  discharging  depends  on  the  action  of 
some  person  who  may  operate  either  a  chain  pull,  move  the 
64—6 
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closet  seat,  a  floor  treadle,  a  door,  or  some  other  device. 
The  discharges  from  such  a  tank,  which  is  called  a  non- 
automatic  fliishinf<  tank,  are  irregular,  according  to  the 
usage  of  the  fixture  to  be  flushed ;  (2)  that  class  whose  dis- 
charging depends  on  the  action  of  the  water  flowing  into  or 
from  the  tank.  This  kind  is  automatic,  discharging  with- 
out the  aid  of  any  person;  the  discharge  is  at  regular  inter- 
vals, if  the  volume  of  the  supply  to  the  tank  does  not 
change.  A  tank  of  this  class  is  called  an  automatic  fluslx- 
ing:  tank. 

78.  The  mechanism  employed  in  operating  flushing* 
tanks  is  varied,  each  tank  manufacturer  having  his  own 
special  combination  of  valves  and  levers,  which  is  usually 
protected  by  letters  patent. 

79.  Puri>ose  of  Flushing:  Apparatus. — The  purpose  of 
a  flushing  apparatus  is  to  thoroughly  detach  and  remove  all 
excreta,  etc.  from  a  water-closet  bowl,  etc.,  and  drive  it 
through  and  beyond  the  trap.  If  the  excreta  can  be  driven 
out  of  the  water-closet  branch  into  the  main  soil  pipe  or 
main  drain,  it  should  be  done,  provided  the  water  is  abun- 
dant and  not  expensive;  but  it  should  invariably  be  driven 
out  of  the  trap.  A  small  stream  of  water,  as  from  a  ^-inch 
pipe,  although  it  may  have  a  high  pressure  and  be  spread 
out  by  means  of  a  fan  or  deflector,  will  not  clean  the  bowl  and 
remove  solids  from  the  bowl  and  trap  as  well  as  an  equivalent 
volume  of  water  that  is  delivered  with  a  rush  through  1  J-inch 
pipe  and  i.^  s[)read  out  by  means  of  a  flushing  rim.  The 
small  stream  of  water  will  frequently  fail  to  make  the  solid 
matter,  paper,  etc.  dive  under  the  lip  or  bend  of  the  trap, 
but  the  larger  stream  causes  a  rush  of  water  that  drives  it 
through  very  effectively. 

The  efliciency  of  a  flushing  ai)paratus  can  be  readily  tested 
by  coloring  the  water  in  the  closet  bowl  with  ink,  throwing 
in  some  pieces  of  crumpled  paper,  and  then  starting  the 
apparatus.  The  flush  may  be  considered  satisfactory  if  no 
trace  of  ink  or  paper  remains  in  the  bowl,  and  if  the  trap 
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and  basin  contain  a  proper  quantity  of  clean  water  after  the 
flush  is  over. 

To  secure  a  proper  flush,  a  flushing  tank  should  contain 
from  4  to  6  gallons  of  water,  and  it  should  be  elevated  at 
least  6  feet  above  the  water-closet  bowl. 


NON-AUTOMATIC  FLUSHING  TANKS 

80.     Plain  Flushing:  Tank. — A  common  kind  of  flushing 
tank  is  shown  in  Fig.  49.     The  valve  a  is  pulled  open  by 


Pig.  49 

means  of  the  lever  b  and  hand  chain  attached  at  c.  The 
overflow  d  opens  into  the  flush  pipe  c  beneath  the  seat  of  the 
valve.  The  water  rushes  down  the  flush  pipe  only  while  the 
valve  a  is  held  open. 

The  amount  of  water  sent  down  may  be  too  little  to  do 
the  work  properly,  or  the  water  may  be  wasted  by  holding 
the  valve  open  longer  than  is  necessary.  The  former  trouble 
is  most  likely  to  occur,  because  very  few  people  consider  the 
amount  of  water  that  should  be  delivered  in  a  flush  when  they 
pull  the  chain, 
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81.  siphon  Fliishiii|yir  Tank. — To  remedy  the  defect 
mentioned  in  the  preceding  article,  the  siphon  tank  is  used, 
which  derives  its  name  from  the  fact 
that  it  is  emptied  by  siphonage.  The 
construction  of  a  siphon  valve  is 
shown  in  Fig.  50.  It  consists  of  an 
inner  tube  a  and  outer  tube  b,  which 
are  united  at  the  top  by  an  air-tight 
cap  c.  The  inner  tube  is  provided 
with  a  rubber  ring  //,  which  forms 
the  valve,  and  is  seated  on  the  seat 
ring  e.  The  two  tubes  thus  form  a 
siphon,  the  inner  tube  being  the  long 
leg.  It  is  started  into  operation  by 
lifting  the  valve  off  its  seat.  The 
water  rushes  down  the  flush  pipe  and 
draws  the  air  out  of  a  and  quickly  fills  both  a  and  b  with 
water.  The  valve  is  dropped  back  to  its  seat,  and  the  dis- 
charge continues  through  a  and  b  until  the  level  of  the 
water  falls  below  the  lower  end  of  b.  Thus,  if  the  valve  be 
opened  only  a  moment,  or  long  enough  to  start  the  siphon, 
the  tank  will  empty  to  the  same  point,  and  the  same  amount 
of  water  will  be  delivered  on  every  occasion. 

The  device  shown  in  Fig.  49  can  be  easily  modified  to 
accomplish  the  same  result.  The  overflow  pipe  d  may  be 
prolonged  and  bent  over,  as  shown  by  the  dotted  lines,  thus 
forming  a  siphon. 
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83.  8erviee-IJox  Tank. — A  kind  of  flush  tank,  known 
as  a  servlee-lK>x  tank,  is  employed  either  to  furnish  a  large 
flush  first  and  a  smaller  one  immediately  after,  or  in  some 
other  way  to  allow  a  certain  volume  of  water  to  fall  into  the 
bowl  and  thereby  refill  the  same  after  the  tank  valve  is 
closed.  A  servire-box  tank,  or,  as  some  people  call  it,  an 
afttM'-flush  tankjs  shown  in  Fig.  51.  The  tank  is  divided 
into  upper  and  lower  chambers  a  and  b.  The  valve  c  is 
made  about  4  inches  in  diameter,  and  when  it  is  opened 
it   passes    water   much    faster  than    the    flush    pipe   li  can 
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discharge  it.  The  siirphis  fills  the  chamber,  or  service 
box,  b.  When  c  is  closed  the  large  flush  ceases  and  the 
light  flow  continues  until  the  chamber  b  is  emptied.     The 
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overflow  for  the  chamber  a  is  at  d.  This  tank  may  be  made 
large  enough  to  contain  any  desired  number  of  flushes, 
while  the  ordinary 
siphon  tank  contains 
only  one  flush. 

83.      Flushing: 
Cisterns. — Fig.  52 
shows  a  plain  valve 
cistern  commonly 
used     for    wash-down 
closets    and    hoppers. 
Its     dimensions     are 
about  23  in.  x  12  in.  x  10  in. 
cock  a  and   an   outlet    valve 
lever  c  bolted   to   a   cross-bar 
by  a  chain  pull.     The  flush  pipe  is  shown  at  e.     A  deafen- 
ing pipe  /  deadens  the  noise  of  the  incoming  water.     The 


Fig.  52 


It  is  provided  with  a  ball- 
b^  which  is  operated  by  a 
d^    the  lever   being   worked 
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tube  g  forms  an  overflow  that  discharges  into  the  flush 
pipe  e.  The  volume  of  flush  from  this  tank  is  irregular, 
depending  on  the  time  the  valve  b  is  held  up. 

84.  Fig.  63  shows  a  slplion  cistern  particularly  adapted 
for  washout  closets  as  well  as  wash  downs  and  hoppers.     Its 

dimensions  are  about  19  in. 
X  9  in.  X  10  in.  A  momen- 
tary retention  of  the  pull 
opens  the  valve  a  and  starts 
the  siphon  formed  by  the 
shell  b  suspended. over,  and 
attached  to,  an  inner  stand- 
ing tube  that  is  secured  to 
the  valve,  as  in  Fig.  60.  A 
refilling  of  the  bowl  is  ob- 
tained by  a  slot  cut  in  the 

lower  end  of  the  siphon  tube  *,  which  causes  the  siphon  to 

break,  that  is,  to  stop  working  gradually. 

85.  A  refill  float-valve  cistern  especially  suitable  for 
siphon-jet  closets  and  other  closets  requiring  a  refilling  of 
the  bowl  is  shown  in 
Fig.  44.  When  the 
float  a  is  raised,  it  re- 
mains, buoyed  up  until 
sufficient  water  has 
passed  through  the 
closet,  when  it  returns 
gradually  to  its  seat. 
The  pipe  b  serves  as  an 
overflow  and  at  the 
same  time  insures  an 
abundant  refilling  of  the  bowl 


Pig.  m 
These  cisterns  are  remark* 


ably  quiet  in  action.     They  are  made  in  two  sizes. 

86.     Automatic    Operating    Devices. —  The    flushing 

apparatus  is  generally  operated  by  means  of  a  chain  or  lever 
pulled  by  hand.     It  can  also  be  operated  automatically  by 
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connecting  it  to  a  hinged  seat  or  platform  that  sustains 
the  weight  of  the  person  using  it.  The  seat  is  counter- 
balanced by  means  of  a  spring  or  weight  that  holds  it 
up  off  its  bearings.  When  the  seat  is  in  use,  it  yields 
an  inch  or  so,  and  by  means  of  suitable  connections  to  the 
chafn  a.  Fig.  55,  it  opens  the  valve  b  and  closes  the  valve  c. 
This  fills  the  service  box  d  with  water  from  the  tank. 
When   not   in    use,    the    seat    is   raised,    thus  closing   the 
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supply  valve  b  and  opening  the  discharge  valve  r,  the  entire 
contents  of  the  flushing  chamber  d  are  then  sent  quickly 
down  the  flush  pipe  c.  This  device  is  frequently  used  in 
railroad  stations  and  other  places  where  people  are  liable  to 
go  away  and  neglect  flushing  the  closets.  It  is  especially 
suitable  where  a  number  of  closets  arranged  side  by  side  are 
flushed  from  one  long  storage  tank.  Each  separate  flush 
box  d  should  contain  about  5  gallons  of  water  when  porce- 
lain bowls  are  used. 
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When  the  water-closet  space  is  closed  by  a  door,  an 
attachment  may  be  fitted  to  the  door  that  will  operate  the 
flushing  apparatus  every  time  that  the  door  is  opened. 

87.  Points  on  Installation. — Cisterns  with  valves  away 
from  the  edges  are  preferable,  because  the  wood  is  liable  to 
warp  and  cause  the  locknuts  to  cut  the  copper  lining. 

88.  The  ordinary  valve  connection  to  the  bottom  of  a 
tank  has  a  leather  washer  between  the  brass  flange  and  the 
copper  lining.  The  locknut  under  the  tank  compresses  the 
leather,  and  makes  a  temporarily  water-tight  joint.  But, 
the  wood  shrinks  and  the  connection  is  then  loosened  by  the 
jarring  of  the  valve;  this  rapidly  produces  a  leak,  which, 
however  slight,  soon  soaks  the  woodwork  of  the  tank  and 
causes  it  to  warp  or  tear  apart.  To  avoid  this  common 
trouble,  every  valve  flange  should  be  soldered  to  the  lining. 
If  it  is  necessary  to  remove  them  for  repairs,  the  solder  can 
easily  be  melted  with  a  gasoline  torch. 


AUTOMATIC  FLUSHING  TANKS 

89.  Tlltlniu:  Tank. — Automatic  flushing  tanks  are  con- 
structed in  many  different 
ways.  They  are  all  designed 
for  automatically  flushing 
urinals,  etc.  at  regular  in- 
tervals. The  form  shown 
in  Fig.  56  is  called  a  tilt- 
ing tank.  A  tank  a  is 
divided  by  a  partition  into 
two  equal  chambers.  It 
rocks  on  an  axle  h,  and 
thus  brings  either  chamber 
under  the  supply  cock  c. 
As  the  chamber  fills,  the 
center  of  gravity  of  the 
^'®'  "  tilting   tank    a    gradually 

changes  until  it  passes  over  the  axle  ^,  when  the  tank  tilts 
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over,  emptying  one  chamber  and  bringing  the  other  into 
|K>sition  for  lilliiig.  Tlie  water  being  enjptit-d  suddenly, 
a  rapid  flow  is  produced,  which  Is  well  suited  for  flushing 
purposes. 

Sheet -metal  shields/, /prevent  water  from  splashing  over 
the  sides  when  the  tilting  tank  a  Is  discharged.  When  a 
number  of  urinals  or  closets  are  to  be^  flushed  from  the 
same  tank,  it  should  be  deep  enough  to  contain  the  desired 
quantity  of  water,  i.  e.,  from  I  to  %  gallons  per  urinal,  and 
the  flush-pipe  opening  should  be  provided  with  a  siphon 
that  can  be  started  automatically  when  enough  water  is 
emptied  into  the  receiver. 


90.     Automatic  81i>hon  Cls*tem. — A  type  of  automatic 

flushing  tank  that  is  in  common  use  is  shown  in  Fig.  57, 
and  is  known  by  the 
trade  name  of  aiito- 
niat  Ic  fl  OB  t  -  val  v  e 
elption  ctstemi.  A 
J-inch  pipe  /i  passing 
up  through  the  bot- 
tom of  the  tank  sup- 
plies water  in  a  small 
stream  to  the  tank 
through  a  common 
ground  key  cock  ^ 
that  is  regulated  to 
pass  the  proper  quan- 
tity of  water*  The 
outlet  to  the  tank  is 
composed  of  a  sim[)le 
annular  siphon,  like 
thai  shown  in  Fig.  50. 
The  outer  siphon 
tube  is  surrounded 
by  and  attached  to  an  air-tight  chambers.  When  water 
enters  the  tank,  it  rises  slowly,  because  the  valve  i/  is  closed, 
atid  continues  to  rise  until  it  is  about  to  overflow  into  the 
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top  of  the  inner  tube  r,  when  the  buoyancy  of  the  float  will 
lift  the  siphon  valve  r/ off  its  seat  and  as  high  as  it  can  go. 
The  water  in  the  tank  then  rushes  down  the  flush  pipe/ 
to  the  closets  or  urinals.  The  buoyancy  of  the  float  holds 
up  the  valve  until  the  tank  is  about  half  empty,  when  the 
siphon  valve  will  fall  on  its  seat  and  the  remaining  water 
will  be  discharged  by  siphonage.  The  valve  will  remain 
closed  and  the  tank  will  refill  slowly  for  another  discharge; 
an  automatic  action  is  thus  obtained. 

91.  Conditions  Governing:  tlie  Installation. — Auto- 
matic flushing  tanks  are  desirable  only  when  the  closets  are 
arranged  in  ranges  or  latrines  for  use  of  school  children  or 
other  people  that  are  liable  to  neglect  flushing  the  closet 
when  they  have  finished  using  it.  Automatic  flushing  tanks 
are  desirable  for  flushing  urinals  only  when  the  water  sup- 
ply is  abundant,  as  they  waste  an  enormous  amount  of 
water;  this  makes  their  installation  very  expensive  in  many 
places.  Plain  overhead  tanks  with  chain  pull,  or  self-closing 
cocks  working  on  the  flushometer  principle,  are  commonly 
used  instead. 
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INTRODUCTION 


GENERAL.    DESCRIPTION 

1.  Honse  drains  consist  of  a  system  of  nearly  hori- 
zontal piping  in  the  cellar  or  basement  of  a  building,  with 
the  outlet  extending  through  and  at  least  5  feet  beyond  the 
foundation  walls,  where  it  connects  to  the  house  sewer. 
The  object  of  house  drains  is  to  receive  the  waste  water  and 
other  matter  discharged  from  the  plumbing  fixtures  in  the 
building.  The  house  drains  also  in  many  cases  receive  the 
drain  water  from  the  rain  leaders,  yard  drains,  and  area  drains, 
and  in  some  cases  from  the  subsoil  and  cellar-floor  drains. 

In  many  localities,  the  house  drain  is  usually  placed  below 
the  cellar  floor,  where  it  is  entirely  covered  and  out  of  the 
way.  When  installed  in  this  manner,  great  care  must  be 
exercised  in  laying  the  pipe  and  making  the  joints,  and  the 
system  should  be  thoroughly  tested  with  water  before  being 
covered  up.  Brass  clean-out  screws  should  be  placed  in 
such  a  position  at  suitable  intervals  that  access  can  be  had 
to  the  inside  of  the  drain  at  all  times  without  disturbing  the 
floor  or  pipes.  The  laying  of  a  house  drain  underground  is 
necessary  where  cellar  drains  and  subsoil  drains  are  required 
to  drain  into  it  by  gravity.  It  is  also  necessary  to  lay  the 
house  drain  underground  when  laundry  tubs  are  located  in 
the  cellars,  or  where  there  is  no  cellar.  In  some  buildings, 
the  house  drain  is  laid  in  pipe  ducts  built  for  such  purpose. 

For  notice  of  copyri£ht,  see  pazf  immediately  followinz  the  title  page 
{44 
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The  top  of  the  pipe  duct  is  then  covered  with  flagstone  or 
iron  covers  that  can  be  easily  removed  for  inspection  or 
repairs.  In  many  cases,  the  house  drain  is  placed  above  the 
cellar  floor,  where  it  is  at  all  times  open  to  inspection  and 
repairs.  In  buildings  where  the  cellar  or  basement  is  below 
the  sewer  line,  this  method  must  be  employed  in  order  to 
obtain  a  gravity  discharge.  When  the  house  drain  is  located 
above  the  cellar  floor,  great  care  must  be  taken  to  securely 
fasten  it,  to  prevent  settlement  or  sagging,  as  any  settle- 
ment in  a  nearly  horizontal  drain  would  cause  a  pocket  in 
the  pipes,  which  would  remain  partly  filled  with  water 
that  deposits  sediment  and  thus  tends  to  obstruct  the  drain. 
Suitable  clean-out  plugs  of  brass  should  be  used  in  the 
exposed  drains,  the  same  as  in  the  concealed  drains,  to 
facilitate  cleaning.  In  cold  climates,  where  the  basement  is 
exposed  to  extreme  cold,  care  should  be  taken  to  protect  the 
drain  from  freezing.  In  buildings  where  the  house  drain  is 
above  the  cellar  floor  and  it  is  necessary  to  drain  the  cellar 
or  subsoil,  the  water  must  first  be  conducted  to  a  suitable 
basin  or  receptacle  from  which  it  is  raised  by  a  pump  or 
ejector  to  a  properly  connected  sink  or  drain.  All  drain 
pipes,  whether  above  or  below  the  cellar  floor,  should  be  run 
straight  and  true,  at  a  uniform  inclination  from  the  hori- 
zontal, or  fall  or  pitch,  as  it  is  often  called,  of  not  less  than 
4  inch  to  the  foot.  All  branches  and  connections  should  be 
made  with  suitable  fittings.  Where  it  is  necessary  to  pass 
through  walls  or  partitions,  openings  should  be  made  larg^e 
enough  to  allow  of  settlement  of  the  building  without  injury 
to  the  drains.  In  no  case  should  tile  pipes  be  used  for  a 
house  drain,  because  they  will  not  remain  gas-tight. 

I>IVl>SION    ANU    NOMKNCLATUUK 

2.  House  drains  may  be  divided  into  two  classes,  namely, 
j;>rnvj'ty-iiis('hinxt'  drains  and  mtrhn n it  a l-iiisrhti riztdpa i us.  The 
former  class  includes  all  systems  of  drainage,  whether  sub- 
soil drains,  cellar  drains,  house  drains,  or  surface-water 
drains,  where  tlic  drainage  water  flows  naturally,  and  hence 
without  mechanical  means,  that  is,  by  gravity,  to  its  proper 
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outlet.     In  other  words,  the   drains  are  located   above  the 
level  of  the  sewer  or  other  point  of  disposal. 

Mechanical-discharge  drains  consist  of  gravity  systems  of 
drainage  connected  to  a  receiving  tank  that  is  located  at  a 
lower  level  than  the  street  sewer,  and  from  which  tank  the 
sewage  is  raised  to  the  sewer  by  means  of  pumps  or  com- 
pressed-air ejectors. 

3.  To  illustrate  a  house-drainage  system,  and  make  clear 
the  names  of  the  different  parts,  Fig.  1  is  given.  The  rain- 
water leaders  are  shown  at  a  and  b;   they  connect  with  the 


l.<# 


PlO.  1 


house  drains.  The  main  drain  trap  is  located  at  d,  the  fresh- 
air  inlet  at  ^,  and  the  leader  traps  at  /, /.  A  line  of  soil  pipe 
extending  from  the  house  drain  up  to  and  through  the  roof 


4  HOUSE  DRAINS  §44 

is  shown  at  g.  A  waste  pipe  h  takes  the  dischargee  from  the 
laundry  tubs  and  kitchen  sink.  The  waste  pipe  from  the  bath- 
tub and  wash  basin  is  shown  at  /.  Back-vent  pipes  are  shown 
at  y.y,  which  connect  with  the  vent  stack  k.  The  house  sewer 
is  shown  at  /.  

U£NKRAT.     PKINCIIM.KS    OF    HOUSE    DRAINAGE 

4.  Objects  and  Kequirements. — The  object  of  a 
drainage  system  is  to  remove  from  a  building^  to  a  sewer, 
cesspool,  or  other  receptacle,  all  waste  matter,  such  as  soiled 
water,  human  excreta,  urine,  slops,  etc.,  without  permitting 
foul  air  to  enter  the  building. 

A  perfect  drainage  system:  (1)  must  drain  perfectly 
toward  its  natural  outlet,  thereby  carrying  away  and  dis- 
charging into  the  house  sewer  all  matter  received  by  it; 
(2)  must  be  perfectly  gas-tight  and  water-tight  to  prevent 
damage  to  health  or  property  by  leakage;  (3)  must  be 
properly  trapped  and  ventilated  to  prevent  foul  air  passing 
into  the  building;  (4)  should  be  constructed  of  suitable 
materials  that  will  not  crack  or  break  on  sudden  changes  of 
temperature;  (5)  should  have  joints  as  strong  as  the  pipes 
themselves;  (0)  should  be  run  straight  and  true,  with  a 
uniform  fall,  and  should  be  securely  fastened  to  prevent 
settling  or  swinging,  and  so  supported  as  to  prevent  severe 
stresses  on  the  connections;  (7)  must  be  large  enough  in 
all  its  parts  to  easily  carry  oflF  all  drainage,  but  not  so  large 
as  not  to  be  self-cleansing. 

The  flow  of  sewage  in  all  drain,  soil,  and  waste  pipes  in  a 
system  should  he  in  the  same  general  direction — toward  their 
common  ontk't.  When  sewage  flows  into  a  pipe  from  a 
branch,  it  should  enter  at  such  an  angle  as  not  to  interrupt 
or  check  the  flow  of  sewage  in  the  pipe  into  which  it  enters, 
but  flow  in  harmony  with  it. 

5.  VcMitilsitioii  of   Drainage  System. — The  object  of 

ventilation  in  a  system  of  drainage  is  to  keep  the  air  within 
the  pipes  circulating,  in  through  the  fresh-air  inlet  and  out 
through  the  vents  above  the  roof,  so  as  to  remove  all  foul 
air  caused  by  the  decomposition  of  solids  within  the  pipes, 
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and  to  prevent  unequal  air  pressures  within  the  system,  which 
(Would  force  the  water  seals  out  of  the  traps.  This  is  accom- 
[plished  in  the  first  case  by  extending  all  main  lines  of  soil  or 
[waste  pipes  up  to  and  through  the  roof  and  placing  a  fresh- 
fair  inlet  on  the  house  side  of  the  main  drain  trap*  To  pre- 
rvent  the  water  being  forced  from  the  traps  under  fixtures,  one 
lend  of  an  equalizing  pipe,  called  a  back-vent,  is  joined  to  the 
tcro wu  of  each  trap,  the  other  end  being  joined  to  a  vent  pipe 
^or  vent  stack,  which  extends  above  the  roof.  By  this  arrange- 
in  entt  fresh  air  enters  the  base  of  the  system »  rises  through 
each  pipe,  and  is  discharged  by  gravity  above  the  roof. 

DrfiLn  nlr  is  the  air  inside  of  the  drainage  system  that  has 
become  vitiated  by  the  decomposition  of  animal  and  vege- 
[  table  matter  within  the  drainage  system.     In  a  perfect  system 
of  drainage  and  ventilation,  this  foul  air  is  constantly  passing 
I  oat  of  the  system  to  the  open  air^  being  replaced  by  fresh  air 
ffrom  the  fresh-air  inlets  that  are  always  supplied  for  that 
[purpose*     When  the  air  outdoors  is  colder  than  the  air  in  the 
house  drains,  the  column  of  air  in  a  line  of  pipe  extending 
from  the  cellar  to  the  roof  of  a  building  becomes  warmer 
I  than  a  corresponding  column  of  air  outside  of  the  building- 
[This  causes  the  air  in  the  pipe  to  ascend  and  its  place  to  be 
I  filled  by  air  coming  through  the  fresh-air  inlet.     Thus*  in 
Fig,  1,  the  4-inch  soil  pipe  contains  a  column  ol  drain  air, 
which*  as  it  becomes  warmer,  passes  up  and  out  of  the  open- 
ing above  the  roof,  while  air  flows  in  through  the  4-inch 
fresh -air  inlet  and  through  the  house  drain  to  replace  it.    The 
humidity  of  the  air  in  veot  stacks  also  aids  circulation ,  even 
when  the  outside  air  is  warmer  than  that  in  the  bttilding.     Of 
course,  there  is  not  always  a  positive  current  of  air  flowing 
in  the  way  just  described.     Sometimes  the  air  is  forced  down 
the  soil  stack  through  the  house  drain  and  out  of  the  fresh- 
Lsir  inlet.     This  can  be  caused  by  either  a  large  flush  of  water 
rbeing  discharged  into  the  soil  pipe,  filling  the  pipe  like  a 
plimger  and  farcing  the  air  before  it,  or  by  down  drafts  caused 
by  gusts  of  wind  blowing  into  the  mouth  of  the  soil  stack,  in 
which  case  foul  air  will  blow  from  the  mouth  of  the  fresh- 
air  inlet. 
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Fig.  2 


MAIN    DRAIN    TRAPS 

6.  Running  Traps. — There  are  many  desig:ns  and  kinds 
of  traps  for  house  drains,  among  which  is  the  plain  run- 
ning: trap  shown  in  Fig.  2,  in  which  a  is  the  inlet  end  and  b^ 
the  outlet  end  of  the  trap,  while  c  shows  the  dip  in  the  trap 

that  forms  the  seal. 
The  shaded  portion  d 
shows  water,  which,  by 
settling  in  the  dip  or 
bend  c,  forms  an  effec- 
tual seal  that  prevents 
drafts  of  air  passing 
from  the  street  sewer 
through  the  house  sewer  into  the  drainage  system  within  the 
house,  and  yet  permits  sewage  to  pass  freely  through  to  the 
house  sewer  beyond.  This  is  the  simplest  design  of  trap, 
and,  with  some  modifications,  the  one  best  suited  to  the  pur- 
pose of  a  main  drain  trap. 

7.  In  using  the  trap  shown  in  Fig.  2,  it  was  found  that 
grease  would  float  on  the  surface  of  the  water  at  e^  which 
grease  being  pushed  by  the  flowing  water  to  the  wall  of  the 
trap  at  /,  would  adhere  to  it,  gathering  lint,  paper,  burnt 
matches,  etc.,  until  it  finally  choked  the  trap.  This  led  to 
two  changes  being  made  in  the  construction  of  running  traps, 
which  are  shown  in  Fig.  8,  and  which  will  be  considered 
sepanttely.  It  was  discovered  early  in  the  history  of  modem 
plumbing  that  the  place  in  a  house  drain  most  liable  to  stop- 
page was  in  the  house  trap;  this  naturally  led  to  the  practice 
of  putting  c»l<»aii-oiit  openings  at  suitable  places  in  the 
house  trap,  which  would  permit  cleaning  the  trap  without 
disturbing  the  pipe.  Fig.  3  {a)  shows  such  a  trap,  in  which 
a  is  the  inlet,  or  house  end  of  the  trap,  and  ^,  the  outlet,  or 
street  end;  two  hubs  have  brass  clean-outs  CyC  calked 
into  them.  In  case  of  stoppage  at  the  trap,  all  that  is  neces- 
sary is  to  unscrew  the  brass  plugs  and  remove  the  obstruction. 


made  slightly  Jower 
than  the  inlet  end. 
In  Fig,  S  (a)  the  doi- 
ted line  {id  shows  the 
water-line  uf  the  trap 
when  no  water  is 
flowing  through  it* 
The  water  entering 
the  end  a  falk  in  a 
cascade  on  paper  or 
other  floating  matter 
on  the  surface  of  the 
water  at  /»  thus  for- 
cing it  under  the  dip 
ot  the  trap  into  the 
house  sewer.  In  set- 
ting the  main  trap, 
great  care  must  be 
taken  to  set  It  level, 
so  that  the  seal  will  be 
perfect.  The  correct 
position  is  shown  in 
Fi^.3(a),  The  drop 
in  the  tnlet  is  such 
that  the  raising  of  the 
water*Une  due  to  the 
flow  of  the  sewage 
does  not  affect  the 
current  in  flowing 
from  the  bouse  drain. 
Should  the  trap  be 
tipped  up  at  the  inlet, 
as  shown  in  Fig.  3  (^) , 
the  water  will  assume  the  position,  or  level,  shown  by  the 
line  gj^,  which  will  so  reduce  the  seal  that  a  slight  pres^sure 
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will  force  it.  Should  the  trap  be  tipped  backwards,  so  that 
the  inlet  end  will  be  lowered  and  the  outlet  end  raised,  the 
water  will  assume  the  position  shown  by  the  line  h  k. 
Fig.  3  (c) ,  when  no  water  is  flowing  through  the  trap,  which 
will  so  increase  the  depth  of  water  in  the  seal  of  the  trap 
that  light  floating  matter  cannot  easily  be  washed  under  the 
dip  and  will  remain  floating  on  the  inlet  side,  as  shown 
at  /,  until  a  large  flush  of  water  will  finally  wash  it  under. 
It  will  also  to  a  great  extent  defeat  the  object  of  making 
the  main  house  trap  with  a  lower  outlet  than  inlet,  as  by 
raising  the  water  to  ^,  it  will  be  on  a  level  with  the  inlet 
pipe  and  water  will  not  enter  with  a  fall,  as  occurs  when 
set  as  shown  in  Fig.  3  (a). 

9.  The  object  of  a  main  house  trap  is  to  prevent  foul  air 
entering  the  drainage  system  within  a  building  from  the 
house  sewer,  street  sewer,  or  other  receptacle.  The  impor- 
tance of  thus  disconnecting  the  house  drains  from  the  street 
sewers  cannot  be  overestimated  when  it  is  considered  that 
conditions  existing  in  any  house  within  a  given  district 
might  become  common  to  the  drainage  systems  of  all  the 
other  houses  in  that  district  if  it  were  not  for  the  main  house 
traps.  For  instance,  if  an  infectious  disease  breaks  out  in  a 
house  that  is  connected  with  the  street  sewer,  infected  matter 
may  be  carried  through  the  drainage  system  of  that  house 
into  the  street  sev/er.  If  house  traps  are  omitted,  the 
infected  matter  may  enter  the  drainage  system  of  every 
house  in  the  vicinity.  If  there  should  be  any  leaks  in  the 
drains,  the  infected  sewer  air  may  escape  into  the  building:, 
and  may  be  a  means  of  contagion.  Independent  of  this, 
however,  remains  the  fact  that  sewer  gas  from  street  mains 
is  more  poisonous  than  ordinary  drain  air,  and  a  leak  of 
sewer  gas  will  vitiate  the  air  in  a  building  considerably  more 
than  ordinary  drain  air  from  the  same  leak.  Besides,  sewer 
gas  is  more  corrosive  than  drain  air  on  the  metals  of  which 
a  drainage  system  is  composed. 

The  main  drain  trap  should  be  placed  as  close  to  the  wall 
where  the  drain  enters  the  building  as  circumstances  will 
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permit.  It  should  be  the  second  fitting  placed  on  the  house 
drain,  inside  the  cellar  walU  and  should  be  made  of  some 
strong  metallic  substance,  such  as  iron,  brass,  or  copper. 
Tile  or  earthenware  traps  should  never  be  used  inside 
a   building* 

10,  Haekwuter  Tiiips, — In  localities  where  the  sewer 
outlet  is  in  tide  water  below  the  high- water  level,  it  is  neces- 
sary to  use  a  tfiicJtwaier  iftiiv^t  also  called  a  fide-wafer  frap^ 
to  prevent  the  tide  water  backing  up  and  filling  the  drain  to 
high- water  level.  This  is  also  necessary  where  the  street 
sewers  are  so  small  that  during  heavy  storms  rain  water 
backs  up  in  the  house  drain  from  the  overflowing  sewers. 
H  the  building  is  located  at  a  great  distance  from  the  sewer 
or  tide- water  outlet,  the  backwater  valve  should  be  located 
on  the  house  sewer  as  far  away  from  the  house  as  possible. 
If  the  distance  from  the  buildiDg  to  the  outlet  is  shorty  the 
backwater  valve  may  be  located  just  outside  of  the  main  drain 
trap  and  where  it  will  be  accessible  for  cleaning  and  repairs. 

11,  Fig.  4  shows  a  buck^vator  valve,  in  which  a  is 
the  body^  b  is  the  seat,  e  is  the  flap  that  forms  the  seal, 
and  d  is  an  enlarged  chamber  for  the  flap  c  to  swing  in.  The 
seat  of  the  valve  b  is  placed 
at  such  an  angle  that  the 
flap  r  is  always  resting 
on  the  seat  when  sewage 
is  not  flowing  through  it. 
When  a  discharge  of  water 
f^ows  through  the  pipe, 
the  weight  of  the  column 
of  water  opens  the  flap  c, 
thus  permitting  the  sewage  to  flow  through  to  the  sewer 
side  of  the  flap^  which  then  closes  and  forms  a  seal  against 
back  pres,sure.  Water  flowing  from  tide  w^ater  or  an  over- 
flowing sewer  reaches  the  street  side  of  the  flap  but  cannot 
flow  into  the  house  drain. 

12,  Fig.  5  shows  a  Ilnrrctt  se^vf*r  and  tlde-wntor 
trap,  in  which  a  is  the  sewer  trap;  b,  the  valve;  and  i\  a  brass 
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seat,  making  a  tight  joint  and  thus  rendering  it  impossible 
for  backwater  or  air  to  pass  through.  It  also  possiesses  an 
inlet  to  the  house  drain  well  above  the  outlet  on  the  sewer 
side  of  the  trap,  which  causes  a  strong  flow  of  water  through 
the  trap  that  is  sure  to  keep  it  well  scoured. 

13,     Fi^.  B  shows  a  balanced  float  baeki^ater  elieek, 

which  possesses  the  valuable  feature  of  being  open  at  all 
times  except  when  water  backs  into  it*  when  the  check-valve 

closes  aiUoraatically. 
The  house  drain  con- 
nects to  the  inlet  a, 
while  ^  connects  to  the 
sewer.  In  a  chamber  c 
is  located  a  weighted 
float  (i  that  counterbal- 
ances the  check  e  and 
holds  it  open  as  shown  when  there  is  no  backwater  in  the 
pipe.  When  water  backs  up  in  the  house  drain,  however, 
it  raises  the  float  and  closes  the  check,  as  shown  by  the 
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dotted  lines.  A  handhole  g  gives  access  to  the  chamber. 
A  4*inch  vent  pipe  is  connected  to  h  to  permit  air  to  escape 
from  the  chamber  when  it  is  filling  with  water.  With  this 
backwater  check i  the  passage  for  sewag^e  is  always  open  in 
the  drain.  It  does  not  stop  circiilati(»n  of  air,  and  closes 
automatically  when  the  water  fills  the  pipe. 

14»  When  fixtures  are  located  below  the  high-water  line 
in  backwater  systems,  they  should  be  connected  to  one 
branch  of  the  main  house  drain  that  should  be  provided  with 
a  backwater  check-valve  to  prevent  sewage  from  overflowing 
from  the  fixtures.  The  remainder  of  the  house  drainage 
system »  however^  should  connect  direct  to  the  sewer  without 
a  backwater  valve ^  to  allow  sewai^e  and  rain  water  to 
flow  to  the  street  sewer  when  the  head  of  water  is  stiflficient 
to  overcome  the  pressure  in  the  sewer. 


FRESII-Ain     INLETS 

15.  lioeatlou. — The  ft*c*!iih-alr  Inlet  of  a  house-drain- 
age system  consists  of  a  line  of  pipe  with  one  end  connected 
to  the  house  drain  on  the  house  side  of  the  main  drain  trap 
and  with  its  other  end  opening  somewhere  to  the  atmosphere. 
Its  object  being  to  admit  fresh  air  to  the  entire  drainage 
system  within  a  building,  it  should  be  of  sufficient  sixe  and 
be  suitably  located  to  be  at  all  times  free  from  snow  or 
other  obstruct  ions*  The  inlet  end  should  also  be  so  placed 
that  when  discharging  foul  air  it  will  not  be  disagreeable  or 
dangerous  to  the  public  or  inmates  of  the  building.  There 
is  only  one  place  where  the  fresh-air  inlet  should  join  the 
drain,  which  is  on  the  house  side  of  the  main  drain  trap;  and 
it  should  enter  a  T  branch  provided  for  that  purpose.  Ther 
fresh-air  pipe  should  never  connect  directly  to  the  drain  trap 
for  two  reasons,  Ihe  first  of  which  is  that  in  cold  weather 
the  circulation  of  the  air  is  more  rapid  through  the  fresh-air 
inlet  than  in  warm  weather,  owing  to  the  heat  in  the  building; 
this  would  bring  a  strong  current  of  air  from  the  outside 
into  contact  with  the  water  forming  the  seal  in  the  main 
drain  trap,  which  current,  by  absorbing  heat  from  the  water 
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IQ  the  trap»  would  freeze  the  surface  of  the  water  at  /, 
Fig.  3  (a),  thus  obalructing  the  drain.  The  second  reason 
is  that  the  hub  on  the  house  side  of  the  main  drain  trap 
should  be  used  for  cleaning-out  purposes. 

A  rule  that  applies  equally  to  all  non-check-valve  inlets  is 
that  no  fresh-air  inlet  should  open  within  15  feet  of  any 
windoWi  door,  furnace  inlets  flue^  or  other  opening  com- 
municating with  the  interior  of  a  building.     When  possible 
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to  avoid  it,  fresh-air  inlet  lines  should  never  be  run  in  a 
horizontal  position,  but  at  an  angle  of  at  least  45^,  This  is 
to  make  sure  that  all  dirt  or  refuse  of  any  kind  that  finds  its 
way  into  the  interior  of  the  pipe  will  roll  or  slide  down  the 
incline  into  the  house  drain  and  be  washed  away, 

16.  Fig,  7  shows  a  fresh-air  inlet  properly  connected 
to  the  drain  trap.  The  pipe  a  goes  through  the  cellar  wall 
and  connects  to  the  sewer.  The  main  house  drain  d  Is  a 
continuation  of  the  run  of  the  T,  the  fresh-air  inlet  pipe  c 
having  a  pitch  of  45"^  do^ni  to  the  T.     Clean-outs  are  located 
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ventilated* 

Fig»  8  shows  a  wrong 

way  to  connect  the  fresh- 
air  inlet  with  the  house 
drain.  Currents  of  air 
that  pass  in  through  the 
f resh-air  inlet  are  de- 
flected by  the  water  in 
the  trap  into  the  house 
drain,  but,  owin^  to  the 
air  striking  the  surface  of  the  seal,  the  water  is  liable  to 
freeze  during  cold  weather.  Evaporation  of  the  water  in 
ilie  trap  also  takes  place  more  rapidly  and  the  seal  is  thus 

liable  to  be  lost  when 
the  system  is  not 
much  used. 

17,  Constrae* 
tlon* — There  are 
several  forms  of  in- 
lets for  fresh  air*  each 
of  which  has  some 
feature  to  recom- 
mend it.  In  Fi^.  9  is 
shown  a  fliiBli  wall 
Inlet.  This  is  in- 
stalled by  running 
the  inlet  pipe  a  to  and 
almost  throujj^h  the 
wall  /%  where  a  gra- 
ting is  fastened  over 
it,  as  shown*  This 
grating  is  made  in  two  parts,  namely,  a  frame  e  and  a  remov- 
able grating  d  attached  to  it  with  brass  screws.  The  frame 
is  calked  with  lead,  or  secured  with  sulphur,  flush  with  the 
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surface  of  the  stone  wall.  This  is  a  cheap  and  good  form  of 
inlet  when  there  are  no  near-by  windows  or  openings  into 
which  foul  air  from  the  inlet  can  blow  when  there  are 
down  drafts. 

18.  Fig.  10  shows  a  curb  Iiiiot.  It  is  similar  to  the 
flush  wall  inlet,  except  that  the  pipe  a  passes  clear  through 
the  foundation  wall  out  to  the  box  b^  which  it  enters  at  least 
4  inches  from  the  bottom,  to  allow  for  the  accumulation  of 
sweepings  and  rubbish  without  interfering  with,  or  obstruct- 
ing, the  mouth  of  the  pipe  in  the  box.  Sometimes  the  curb 
box  is  made  of  iron,   but   generally  it  is  made  of   bricks 
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cemented  inside  with  Portland  cement.  The  box  is  covered 
with  a  removable  gnite  r,  the  area  of  the  perforations  of 
whieh  should  at  least  be  eriual  to  the  area  of  the  inlet  pipe. 
Sometimes  lliis  grate  is  ])laccd  in  the  face  of  the  curb  a  little 
above  the  street  gutter  to  prevent  dirt  from  being  swept 
into  it.  1'he  form  of  inlet  shown  in  Fig.  10  has  one  good 
feature  and  many  bad  ones.  The  good  feature  is  the 
distance    from    the    house   at   whieh    it    discharges   foul    air 


Br  at  the  side  or  on  top  of  the  box,  is  liable  to  be 
stopped  with  accumulated  dirt»  or  choked  with  snow  during 
winter;  in  cold  climates  the  stoppage  from  snow  may  con- 
tinue nearly  all  winter;  (3)  at  every  discharge  of  a  large 
volume  of  water  into  the  drainage  system,  or  when  there  is  a 
dowti  draft,  drain  air  issues  from  the  openings  and  becomes 
a  imbiic  nuisance. 

19*  Hltchlii|2r-poi*t  and  Rteppini;- block  Inlets  are 
shown  in  Fig.  11»  in  which  .*/  is  a  hollow  perforated  hitching 
post  connected  to  the  fresh-air  inlet,  and  B  is  a  hollow 
perforated  stepping  block  located  over  the  intake  opening  of 
a  frej*b-air  inlet  at  the  curb.     These  forma  of  inlets  will  not 
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choke  with  dirt  or  snow  as  easily  as  curb  inletsr  otherwise, 
they  possess  all  of  the  defects  of  the  curb  inlet.  They 
possess  the  additional  disadvantage  of  being  an  obstruction 

to  the  sidewalk* 

20,  111  some  localities,  the  fresh-air  inlet  is  used  as  a  rain 
leader  or  area  drain  to  keep  the  pipe  free  from  accumula- 
tions of  dust,  dirt,  etc.  When  this  method  is  used,  the  fresh- 
air   inlet   should    be   connected   to    the    house   drain   by   a 
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V  branch,  the  same  as  a  soil  pipe  or  waste  line,  so  that 
during  heavy  storms  the  flow  of  rain  water  will  not  back  up 
into,  or  retard  the  flow  of  sewage  in,  the  house  drains, 

21*  In  detached  dwellingfs,  it  is  customary  to  extend  the 
fresh-air  inlet  away  from  the  building  about  15  feet  and  up 
through  the  surface  of  the  earth  about  18  inches.  The  end 
is  then  finished  with  a  cowl  or  turned  by  means  of  a  return 
bend,  so  that  the  opening  faces  the  ground.      Fig.  12  shows 
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a  yard  fresh-air  Inlet  with  a  return  bend,  /  being  the  fresh- 
air  inlet  pipe  and  g,  the  return  bend. 

22.  The  roof  fresh-air  Inlet  possesses  more  features  to 
recommend  it  than  any  other  form,  in  that:  (1)  it  is  free  from 
all  possibility  of  stoppage  from  dirt  or  snow;  (2)  if  dirt  should 
enter  the  pipes  it  would  fall  to  the  house  drain  below;  (3)  it 
is  located  away  from  all  openings  into  the  building,  and  con- 
sequently cannot  become  a  public  nuisance;  (4)  it  is  not  more 
costly  for  ordinary  buildings  in  cities  than  any  of  the  former 
systems  mentioned,  because  masons*  expenses  and  the  taking 
out  of  building-department  permits  are  avoided.  Objections 
to  the  roof-inlet  system  are  often  made  on  the  ground  that 
the  column  of  air  in  the  fresh-air  inlet  pipe  is  equal  in  height 
to  the  column  of  air  in  the  soil  stacks,  and  that  one  column 
would  just  balance  the  other,  and  therefore  there  would  be  no 
circulation  of  air  through  the  drainage  system.  If  the  two 
lines  of  pipe  were  subject  to  the  same  conditions,  that  objec- 
tion would  be  well  founded,  but  the  air  in  the  soil  stacks  will 
be  warmer  and  more  moist  than  that  in  the  fresh-air  inlet, 
which  will  create  an  up  current  in  the  soil  stacks  and  a  corre- 
sponding down  draft  in  the  fresh-air  inlet  stack.  The  causes 
of  heat  in  soil  pipe  are  many,  among  which  are:  (1)  heat 
from  the  air  in  the  buildings;  (2)  heat  from  the  hot  water 
passing  through  the  pipes-.  Thus,  the  natural  tendency  of 
the  ventilation  is  the  same  as  with  street  and  other  low-lying 
fresh-air  inlets,  but  whether  the  ventilation  is  up  or  down 
either  stack  does  not  matter  so  long  as  there  is  a  satisfactory 
change  of  the  air. 

23.  Antlblow-back  valves  are  lightly  poised  check- 
valves  that  close  the  opening  of  the  fresh-air  inlet  when 
there  is  a  down  draft  in  the  system  due  to  a  heavy  flush  of 
water,  or  wind  blowing  into  the  soil  stack  above  the  roof, 
and  are  open  to  admit  fresh  air  at  all  other  times. 

Fig.  13  shows  a  fresh-air  inlet  check-valve  in  section,  in 
which  a  is  the  shell,  b,  b  are  two  counterbalancing  levers, 
CyC  are  the  lever  supports,  and  ^  is  a  conical  disk  valve  made 
of  stamped  sheet  brass  or  aluminum  and  provided  with  a 
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flexible  rubber  washer  e  that  is  cemented  to  the  cone  valve  d\ 
two  wire  links,  shown  at  A  connect  the  apex  of  the  cone 
valve  d  with  the  free  ends  of  the  levers,  and  g  is  the  seat 
for  the  valve  d.  The  counterbalancing  levers  b^  b  keep  the 
conical  valve  d  lightly  poised,  so  that  a  back  flow  of  air  from 
the  house  side  of  the  fitting  will  close  the  opening,  thus  pre- 
venting the  foul  air  escaping 
from  the  mouth  of  the  inlet. 
When  the  back  pressure  is  re- 
lieved from  the  valve,  it  will 
open  automatically,  allowing 
air  to  pass  freely  into  the 
drainage  system. 

24.     Choice  and  Care. 

To  be  perfect,  a  fresh-air  in- 
let must  be  permanent,  that 
is,  it  should  not  possess  me- 
chanical parts  that  will  cor- 
rode or  wear  away  and  require 
replacing,  but  when  once  in- 
stalled should  last  as  long  as 
the  pipe  system  of  which  it 
forms  a  part,  and  should  not 
require  any  attention  what- 
soever after  its  installation. 
It  should  also  work  perfectly 
under  all  conditions  and  re- 
gardless of  the  number  or  size  of  the  soil  stacks  and  waste 
stacks  within  the  building. 

Antiblow-back  valves  are  lightly  constructed  mechanical 
devices,  and  are  liable  to  become  useless  by  sticking  fast  or 
by  wear.  Antiblow-backs  are  not  adapted  to  every  building, 
and  great  care  must  be  taken  in  deciding  where  to  use  them, 
as  in  many  cases  it  is  objectionable  to  prevent  a  blow-back 
in  the  air  vent.  For  instance,  consider  a  simple  system  of 
drainage  with  but  one  line  of  soil  pipe  extending  through  the 
roof,  and  a  fresh-air  inlet  terminating  with  an  antiblow-back 
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valve.  Should  there  be  a  large  discharge  of  water  into 
the  soil  pipe,  the  valve  will  close,  thus  confining  and  com- 
pressing the  air  in  the  system  until  the  pressure  of  air 
becomes  sufficiently  strong  to  force  the  water  from  one  of 
the  traps  near  the  base  of  the  system,  which,  of  course,  is 
highly  objectionable.  When  used,  they  should  be  at  least 
15  feet  away  from  any  opening  to  the  inside  of  a  building, 
the  same  as -when  no  check-valve  is  used. 

25.  To  prevent  fresh-air  inlets  becoming  useless  by  cho- 
kage,  they  may  be  periodically  flushed  with  water.  Fig.  14 
shows  an  automatic  system  for  flushing  fresh-air  inlets,  in 
which  a  is  the  automatic  flush  tank  and  b,  the  fresh-air  injet 


Fig.  14 


hopper,  which  may  be  fitted  with  a  flushing  rim  or  a  spreader, 
and  a  spigot  end  that  can  be  calked  into  a  hub  c.  The  flush- 
ing rim  is  supplied  with  water  through  the  pipe  d  that  con- 
nects with  the  flush  tank  a.  Water  is  supplied  to  the  tank  a 
through  the  supply  e  and  the  petcock  /,  which  is  left  open, 
so  water  is  running  through  it  into  the  tank  at  all  times. 
Water  rises  in  the  tank  a  to  the  line  ,^,  thus  raising  the 
float  h  to  the  position  shown  by  the  dotted  lines.  This 
opens  the  valve  /  and  admits  water  to  the  flushing  hopper  /;. 
At  the  same  time  water  continues  to  flow  into  a  through  /, 
whereby  the  float  j  is  finally  raised.     The  lower  end  of  the 
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stem  carrying  this  float  j  is  attached  to  a  valve  closing:  the  end 
of  the  waste  pipe  k\  as  soon  as  j  is  raised,  water  from  the 
tank  flows  down  k  and  thereby  starts  the  siphon  /,  which 
promptly  empties  the  tank.  Since  the  float  //  is  now  free  to 
descend  'he  valve  /  closes,  thereby  stopping  the  flow  of 
water  to  the  flushing  hopper  b.  The  waste  pipe  k  can  dis- 
charge into  a  sink,  laundry  tub,  or  other  fixture  located  in  the 
basement,  but,  a  better  place  to  discharge  into  would  be  a 
cellar-floor  drain  trap,  so  as  to  keep  the  trap  full  of  water  and 
maintain  a  seal.  

II<)U8E-1>RAIN     INSTAI^LATION 

26.  Materials. — The  material  for  a  house  drain  should 
be  some  hard,  strong,  non-corroding  substance,  that  will  not 
break  on  being  exposed  to  sudden  changes  of  temperature. 
Copper  or  brass  would  be  a  good  material  for  house  drains, 
but  the  cost  of  the  material  prohibits  its  use  for  this  purpose. 
Cast  iron  and  wrought  iron  or  steel  are  the  materials  generally 
used  for  drainage  purposes.  Steel  and  wrought-iron  pipes 
are  generally  considered  as  being  of  the  same  material,  there 
being  no  difference  in  the  method  of  handling  them.  Extra 
heavy  cast-iron  i)ipe  is  generally  used  for  good  work.  It  may 
be  coated  with  pitch,  tar,  or  other  rust  preventive,  or  may  be 
used  uncoated.  When  cast-inm  drains  are  to  be  buried  in 
the  ground,  or  laid  in  damp  cellars,  the  pipe  and  flttingfs 
should  be  coated  both  inside  and  outside  with  pitch  to  keep 
them  from  corroding.  When  wrought-iron  pipe  is  to  be  used 
for  drainage  purposes,  the  pipe  and  fittings  should  be  well 
galvanized  both  inside  and  outside,  or  covered  with  a  coat  of 
pitch,  tar,  or  asphaltum. 

tI7.     Finn  and  I)<»sei'lptlon  of  Ilonsc  Drnlii. — Fig.  15 

is  a  floor  plan  and  elevation  showing  a  main  house  drain,  in 
which  a  is  the  outlet  end  of  the  house  drain  where  it  connects 
with  the  house  sewer;  /'  is  a  Y  branch,  the  end  of  which  is 
stoi)i)ed  with  a  brass  clean-out  plug  iL  and  the  branch  of 
which  turns  the  house  drain  at  an  angle  of  1')^  toward  the 
foundation  wall.  1'hc  clean-out  opening  d  in  the  end  of 
the  Y  branch  /;  gives  access  to  the  house  sewer,  so  that,  in 
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case  of  stoppage,  a  wire  or  a  bamboo  rod  can  be  forced 
through  the  house  sewer  to  the  sewer  in  the  street.  At  c  is 
the  house  drain  trap;  </',  </",  d"'  are  clean-out  plugs;  e  is  the 
fresh-air  inlet  branch;  /  is  a  one-eighth  bend  that  turns  the 
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house  drain  js;  parallel  with  the  foundation  wall  along  which 
it  runs  and  to  which  it  is  secured.  The  Y  branches  for  soil 
and  waste  connections  arc  shown  at  A,  //',  //";  /  is  the  rain- 
leader  trap;  j  is  a  Y  branch  connecting  the  yard  drain  /  to  the 
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rain  leader  k  on  the  house  side  of  the  trap  i;  and  »  is  a 
Y  branch  for  a  waste-line  connection. 

28.  Ijeveliii^  House  Drains. — When  installing  the 
house  drain,  great  care  should  be  exercised  to  have  the 
bottom  of  the  drain  perfectly  straight.  When  the  drain  is 
constructed  of  cast-iron  pipe,  straight  lengths  should  be 
selected  for  the  horizontal  runs.  If,  however,  there  are  no 
straight  lengths  of  pipe  available,  the  pipes  should  be  so 
arranged  that  the  bends  will  be  at  the  sides  of  the  drain  and 
not  at  the  bottom,  where  they  would  form-  a  series  of  pockets 
to  hold  the  solids  that  settle  in  them. 

29.  No  part  in  the  installation  of  a  house-drainage  sys- 
tem requires  greater  care  than  the  giving  of  a  imiform  pitch 
or  fall  to  the  main  house  drain.  This  operation,  from  the 
use  of  a  level  in  it,  is  usually  called  levellni?.  To  insure 
perfect  results,  the  level  should  be  carefully  tested  before 
using,  and  in  no  case  should  the  level  be  placed  directly  on 
the  pipe,  but  always  placed  on  a  straightedge  resting  on  the 
hubs.  Fig.  1()  shows  a  form  of  straightedge  for  leveling 
horizontal  pipes,  the  use  of  which  will  give  perfect  results. 
It  consists  of  a  straight  dry  piece  of  soft  pine  6  feet  long  and 
Ij  inches  thick.     It  is  planed  straight  on  the  top  edge  a,  at 

perfect   right   angles 

fe^,;^-.  '"  •  ^•-^^■"^:^"'^ ft- ■'"*■-  -  I     ^1^   to  the  sides  b,b.     In 

Yui.ia  the   center  near  the 

top  is  a  handhole  c 
for  con  veil  iv?nce  in  handling.  The  bottom  edge  is  not  par- 
allel with  the  top  cdj^e  ^,  but  is  as  much  deeper  at  one 
end  as  there  would  be  fall  in  0  feet  of  the  pipe  to  be  laid. 
Suppose  that  the  drain  pipe  g.  Fig.  15,  is  to  be  laid  at  a 
uniform  fall  of  1  inch  to  the  foot;  in  6  feet  of  drain  there 
would  be  1  X  <>  ^  1  •!•  inches  of  fall.  This  difference  of  level 
should  therefore  be  added  to  the  width  of  one  end  of  the 
straiirhtetlge.  If  the  strai<^htcdge  is  .*>  inches  wide  at  one 
end,  it  will  therefore  be  li  inches  wide  at  the  other  end. 
vShould  the  str.'iij^htedj^a*  />,  Fitj.  !•'>,  be  placed  on  the  house 
drain  .v,  with  the  wide  end  toward  the  outlet  of  the  drain  pipe, 
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the  upper  edge  of  the  straightedge  will   be  perfectly  level 
when  the  drain  has  the  required  fall  of  i  inch  to  the  foot. 

30t  In  using  a  straightedge  to  level  horizontal  drain 
pipeSj  three  precautions  must  be  observed:  (1 )  the  edges  of 
the  straightedge  must  be  made  at  perfect  right  angles  to  the 


Fio.  17 

sides  of  the  straightedge;  (2)  the  level  must  be  held  parallel 
with  the  straightedge;  (3)  the  straightedge  must  rest  evenly 
on  the  center  of  both  hubs. 

The  necessity  of  having  the  straightedge  rest  on  the  center 
of  both  hubs  is  best  shown  by  a  reference  to  Fig,  17,  which 
shows  a  straightedge  a  resting  on  the  hubs  b  and  c.  It  will 
be  seen  that  the  end  of  the  straightedge  a  is  not  resting  on 
the  center  of  the  hub  A  as  it  should,  but  on  the  side  of  the 
hub*  which,  beinjj  circular*  lowers  the  end  of  the  straight- 
edge a,  thus  giving  a  false  level  to  the  drain* 

The  advisability  of  having  the  top  and  bottom  edges  of  the 
straightedge  at  ri^jht  angles  with  tlie  sides  can  be  seen  best 
by  considering  the  effect  produced  by  edges  not  at  right 
angles  to  the  sides.  For  the  purpose  of  illustration,  the  top 
edge  may  be  selected,  which,  as  shown  in  Fig.  18*  is  planed  at 
an  inclination  to  the 
sides.  If  a  level  a 
is  placed  on  the  top 
edge  and  held  par- 
allel to  the  straight- 
edge b,  no  ill  effect  in  the  indication  of  the  level  will  result; 
but,  if  tbe  level  is  not  held  perfectly  parallel  to  the  straight- 
edge, erne  end  of  the  level  will  be  depressed  and  the  other 
raised,  and  thus  an  error  is  introduced  that  in  turn  causes  a 
different  fall  of  pipe  from  that  the  straightedge  was  made  for. 
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31.  Horizontal  drain  pipes  should  never  be  leveled  by 
placing  a  level  on  a  length  of  pipe.  Fig.  19  shows  a  hori- 
zontal line  of  drain  pipe  a,b,c  properly  leveled  but  made  up 
of  crooked  lengths  of  pipe,  with  the  bends  down.  If  a  level 
is  placed  near  the  spigot  end  of  any  length  of  pipe,  as  shown 
at  d,  it  will  show  an  apparent  fall  of  the  entire  drain  toward 
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Fig.  19 

the  inlet  end  b.  If  the  level  is  now  placed  at  the  hub  end 
of  the  pipe,  as  shown  at  c,  it  will  show  an  apparent  fall  toward 
the  outlet  end  c.  If  a  straightedge  is  now  placed  on  the  hubs 
of  the  drains  from  b  to  r ,  and  the  level  applied,  the  latter  will 
be  found  to  be  perfectly  level,  showing  the  apparent  fall  to 
be  due  to  curves  in  the  lengths  of  pipe. 

When  a  number  of  fittings  are  so  bunched  together  in  a 
horizontal  drain  that  a  straightedge  cannot  be  placed  on  top 


Fu;.  20 

of  the  hubs,  the  straightedge  can  be  reversed  and  applied  to 
the  bottom  of  the  fittings,  as  shown  at  the  left  of  Fig.  15, 

32.  Supports  for  House  Drains. — Supports  of  some 
kind  must  be  used  tor  all  horizontal  drains  to  keep  the  pipe 
from  settling  and  to  su])i)ort  the  weight  of  soil  pipes  and 
waste  lines  where  they  rise  from  the  house  drain.     Supports 
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are  made   in  various  forms,  such  as  brick  piers,  iron-pipe 
rests,  pipe  hooksi  pipe  hangers,  and  corbels* 

33.     Brick  piers  for  pipes  are  usually  made  as  shown 
in  Fig,  20 ,  where  a  slane-capptui  pier  is  illustrated  at  a  and  a 

cement'Capped  pier,  at  ^,  The  piers 
should  be  bonded  into  the  founda- 
tion walk  The  house  drain  rests 
on  the  piers  at  the  branches  of  the 
soil  stacks  c  and  d^  The  piers 
should  always  be  built  under  the 
stacks.  Supports  under  a  liori* 
zontal  drain  pipe  should  never  be 
over  10  feet  apart. 

34.     One  form  of  an  Iron-pipe^ 
i<eBt  consists  of  a  pipe  flange,  a 
short  piece  of  iron  pipe,  and  a  pipe 
saddle.  Figf,  21   {a)  shows  such  a 

/^JL  ^*%  ^^PP*^^*^   ^^  which   a   is   a  saddle 

tapped  with  a  female  thread;  b  is 
a  t!oor  flange,  also  tapped  with  a 


^^m^^mMmfSBlM 


female  thread;  and  c  is  an  iron-pipe  nipple  threaded  on  both 
ends.  The  saddle  and  floor  flange  are  screwed  to  the  nipples, 
thus  forming  the  rest  for  the  pipe  that  fits  in  the  saddle  a. 

Fn  Fig.  21  {h)  is  shown  an  application  of  the  device  just 
described »  the  rests  a  and  ^  supporting  the  drain  pipe  e. 
One  support  must  be  located  under  each  stack,  the  others 
liejng  distributed  between,  as  nearly  equal  as  possible. 

85,  Irtm  pipe  hookR  are  a  poor  form  of  support  for 
horizontal  drains^  but  when  used  should  never  be  over  4  feet 
apart  and  should  be  driven  into  a  wooden  plug  in  the  wall 
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close"  to  the  hubs,  as  shown  in  Fig.  22  (a).     The  shanks 
must   be   long,  and  the  shoulder  a  must  not  be  driven  in 

past  the  center  line  of  the  pipe; 
otherwise,  the  support  is  weak- 
ened and  the  pipe  will  sag,  as  in 
Fig.  22  (d). 


€ 


36.  Pipe  hangers  are  gen- 
erally used  to  support  horizontal 
lines  of  pipe  from  a  ceiling,  but 
are  sometimes  used  to  secure  pipe 
lines  to  a  wall.  Split  rings  or  ad- 
justable hangers  are  the  most  con- 
venient form  to  use,  although  any 
other  form  of  hanger  may  be  used. 
Fig.  23  (a)  shows  a  form  of  split- 
ring  hanger,  in  which  a  is  a  piece 
g.  of  wrought-iron  pipe  that  screws 
6  into  the  half  circle  d.  The  clamp  c 
is  secured  to  the  part  d  by  the  two 
bolts  (/,  d,  which  pass  through  holes 
in  the  lugs  ^,  c.  The  flange  /  is 
used  in    frame   construction  and 

II II .       >-        is  secured  to  the  wooden  beams 

'~1     ~]  by  means  of  lagscrews  passing 

-    /O^V-I    I — I  through  holes  drilled  through  the 

flange.  In  fireproof  construction, 
the  beam  clamp  ^  in  Fig.  23  {b)  is 
used  in  place  of  the  flange  to  fasten 
the  hanger  to  the  I  beam. 

When  hangers  are  used  as  Mrall 
supports  for  horizontal  drains, 
1^^  they  may  be  secured  to  the  wall 

— JjpT    — I     -  in  the  manner  shown  in  Fig.  24. 

'    ^    *  A  hole  a,  of  the  diameter  of  the 

iron  tail-piece  b,  is  drilled  in  the  wall  and  at  a  slight  angle, 
as  shown.  The  tail-piece  of  the  hanger  is  then  driven  tightly 
into  the  hole. 
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37«  In  some  buildings,  when  the  drain  is  located  too  high 
from  the  cellar  floor  for  brick  piers  or  iron  pipe  supports  to 
be  usedi  or  where  they 
would  occupy  too  much 
space,  s  to  tie  corbels  a,  a 
can  be  built  into  the  wall 
to  support  the  pipes »  as 
shown  in  Fi^,  25,  Allow- 
ance must  be  made,  how- 
ever, Cor  the  fair  of  the  pipe 
toward  the  sewer»  which 
should  not  be  less  than 
i  inch  to  the  foot.  Wall 
hooks  A I  b  can  be  used  to 
prevent  the  pipes  from 
slipping  off  the  corbels, 

38»  Connect  I  ous  to 
If  u  use  1>  rains.— All 
branch  connections  to  a 
drain  should  be  made  at  such  an  angle  that  the  sewage  flow- 
ing from  the  branch  will  not  interfere  with  the  flow  of  sewage 
in  the  drain.     To  secure  this  result,  suitable  fittings  should 

be  used  for  connecting 
the  branch  drains  to 
the  main.  Connec- 
tions to  a  drain  can  be 
cither  horizontal  or 
vertical.  Horizontal 
branches  should  be 
taken  from  the  main 
drain  at  a  slight  in- 
clmation,  as  shown  in 
Fig,  26,  in  which  a  is 
the  drain  pipe?  b,  the 
branch  of  the  fitting;  and  r,  a  continuation   of  the  branch, 

39,     Fig,  27  shows  a  top  view  of  a  V- branch  connection 
to  a  drain  in  which  a  is  the  drain  pipe  and  b  is  the  branch 
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connecting:  to  the  drain  a  at  an  angle  of  45°  in  the  direction 
of  the  flow  of  the  sewage.     The  pipe  ^  is  a  continuation  of 

the  branch  b.  A  one- 
eighth  bend  d  can 
be  used  to  change 
the  direction  of  the 
pipe  entering  the 
branch  b^  from  at 
right  angles  to  the 
drain  a,  as  shown  by 
dotted  lines  at  e^  to 
running  parallel  with 
the  drain  a  by  turning 
the  one-eighth  bend,' 
as  shown  by  dotted 
lines  at  /. 

Should  any  other 
angle  be  required  between  e  and  /,  Fig.  27,  it  can  be  secured 
by  elevating  the  branch  b^  as  r'*"^<r> 

shown  in  Fig.  28,  and  swing- 
ing a  one-eighth  bend  c,  so 
that  it  will  face  in  the  direc- 
tion desired. 

40.  T-branch  connections 
should  never  be  used  for  soil, 
waste,  leader,  or  drain  pipes, 
as  the  sewajje  backs  up  in  the 
horizontal  drain  when  flow- 
ing in  from  the  branch  a,  as 
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illustrated  in  Fig.  29  {a),  which  shows  a  vertical  T-branch 
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snnection  to  a  horizontal  drain.     Sewage  from  the  stack  a 

^acks  up  the  drain  ^  and  deposits  solids,  which  will  soon 
tchoke  this  part  of  the 
|4rain  if  it  is  not  well 

flashed  by  some  other  ^^  ^^^     * 

fixture. 

When  the  connec* 

tions  are  made  with  a 

Y  fitting  instead  of  a  T, 

the  flow  of  the  sewage 

is  easy  and  in  the  proper  direction,  as  shown  in  Fig.  29  {b). 

The  sewage  does  not  back  up  in  the  drain  b,  as  in  Fig.  29  (a)* 
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41,     In    Fig,   30    {a)    and    {b)    is    shown    the    right   and 

I^Tons{  way  of  connecting:  a  horizontal  branch  to  a  horizon- 
tal drain  at  right  angles  to  the  drain.      In  Fig»  30   {a),  as 
the    sewage    flows 
|r''^lBfc  from  the  branch  a  into 

LrT^nRiJ  the  drain,  the  sudden 

I  J^    /'!■  change  in  the  direc- 

l  .^  ',tH  tion  of  the  flow  causes 

^ —     fca    ^       '^         X        \ — \      the  water  and  solids 
-^W  jU    to   back   up   in   the 

""^si — ^^^j/0^^  I    '  ^SB     ^J— W^    drain »  as  shown  at  b^ 

^^  ^-^jiLmti  which    is    liable   to 

^H  [^n  choke  the  pipe  at  this 

^H  I  ^  ^  I  point.     This   can   be 

^H  L  J  remedied  by  using  a 

^H  vHBn^  ^  branch  and  one- 

^H  ^^fiSil  eighth  bend   in    ma- 

^V  ^HK^^^^  king  connect ions»  as 

I  J^^"  *  ^\  p^-^  shown  in  Fig.  m{b). 

^  i\   *     rhJ  '^  M         ^^*    Hepiilretiiitl 

I  U )  I        ^  T-1  .Jt    AlreriitloiiR-  —  It  is 

^^  p^.  ,„j  somelmies  necessary 

^B  after  a  drain  has  been 

^^in stalled  to  disconnect  the  pipe  to  put  in  a  branch  filtinfj 
I       or  remove  a  defective  section  of  pipe.    To  do  so,  the  section 
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house  to  prevent  its 
trickling  down  the 
pipes;  otherwisei  it 
will  be  impossible  to 
melt  the  lend  in  the 
hubs.  A  gasoline 
furnace  /?,  Fig.  31,  is 
placed  under  the  pipe 
b  in  such  a  manner 
that  the  flames  c  will 
play  on  the  bottom  of 
the  hub  d  until  the 
lead  is  all  melted  out. 
It  should  then  be 
moved  successively 
to  the  hubs  e^  /,  and  ,^, 
melting  the  lead  out 
of  each  hub  in  turn* 
The  section  of  pipe 
between  d  and  g^  can 
then  he  removed.  By 
melting  the  lead  out 
of  the  hubs»  all  of 
the  pipe  in  the  dis- 
connected section  is 
saved. 

To  disconnect  a 
drain  by  breaking  it, 
strike  the  huh  d,  Fi^,  .^1,  with  a  hammer  until  the  hub  is 
cracked;  then  insert  the  point  of  a  cold  chisel  in  the  opening 
at  the  end  of  ihe  hab»  and  drive  it  in  until  the  hub  is  wedged 
apart.  The  spigot  end  of  the  pipe  should  then  be  broken  off  at 
k  by  striking  it  with  a  hammer.     This  leaves  the  end  of  the 
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pipe  calked  into  the  hub  gy  which  must  be  cut  out  with  a  cold 
chisel.  This  method  is  quicker  than  melting  the  lead  out  of 
the  hubs,  but  it  destroys  part  of  the  pipe  removed,  and 
loosens  the  pipe  and  joints  considerably  by  the  jarring  of  the 
pipe  due  to  the  hammering. 

The  lead  is  picked  out  of  calked  joints  with  a  narrow  cape 
chisel,  which  is  driven  into  the  lead  a  short  distance;  the 
lead  is  then  pried  out  by  using  the  chisel  for  a  lever. 

43.  To  replace  the  section  of  pipe  with  the  branch  in  its 
proper  location,  take  a  rod  Xy  Fig.  32,  and  mark  on  it  at  y 
the  distance  .r,  Fig.  83,  from  the  spigot  of  one  fitting  to  the 
inside  shoulder  of  the  socket  of  the  other  fitting.  Lay  on 
the  cellar  floor  the  several  pieces  of  pipe  and  the  fitting, 
placing  the  fitting  in  its  proper  relative  position,  as  shown  in 
Fig.  32.     Place  the  rod  x  on  the  section  of  the  pipe  so  that 
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the  mark  y  will  be  even  with  the  inside  shoulder  c  of  the 
hub  d.  The  end  of  the  rod  x  will  then  rest  at  e,  where  the 
pipe  /  is  to  be  cut  off.  The  pipe  /can  then  be  marked  at^, 
on  a  line  with  the  inside  shoulder  of  the  hub  //,  where  it  is  to 
be  cut  off.  Roth  of  the  pipes  /  and  /  should  be  cut  a  little 
short  of  the  marks  ,i![  and  e  to  allow  for  springing  the  parts 
back  into  place.     Double-hub  lengths  of  pipe  should  be  used. 

44.  In  replacing  the  sections  of  pipe  with  the  new  branch, 
the  ends  of  the  various  parts  are  fitted  together,  as  shown  in 
Fig.  83,  and  the  whole  section  raised  to  its  proper  position, 
when  the  proper  slip  to  each  joint  will  be  obtained.  It  is 
lined  up,  secured  in  place,  and  the  joints  calked. 

( )l)enings  to  a  house  drain  should  he  plugged  with  a  wad 
of  oakum  to  keep  dirt  from  falling  into  the  pipe.    The  oakum 


for  domestic  purposes*  the  leaders  should  be  connected  to 
the  house  drain,  to  help  flush  the  drain  and  sewer  and  pre- 
vent the  nuisance  of  rain  water  flowing  about  the  premises. 
They  should  be  largfe  enough  to  carry  off  all  rain  water  from 
the  areas  they  drain  during  heavy  and  prolonged  storms,  and 


should  never  be  less  than 
2  inches  in  diameter.  Roof 
leaders  proportioned  as 
follows  have  been  foimd^ 
in  practice,  to  gi%^e  satis* 
factory  results:  For  small 
roofs,  1  square  inch  in  sec- 
tional area  of  the  leader  for 
each  150  square  feet  of 
roof  surface.  For  medium 
sized  roofSi  1  square  inch 
in  sectional  area  of  the 
leader  for  each  200  square 
feet  of  roof  surface.  For 
large  roofs  1  square  inch 
in  sectional  area  of  the 
leader  for  each  250  square 
feet  of  roof  surface.  When 
connected  to  house  drains, 
leaders  should  be  properly 
trapped,  and  in  localities 
where  there  are  long  peri* 
ods  without  rain,  extra- 
deep-seal  traps,  provided 
with  a  brass  clean-out 
screw*  shuuld  he  used* 

Outside  rain  leaders  may 
be  made  of  cast-iron  or 
wrought-iron  pipci  but  are 
generally  made  of  sheet 
metal,  to  within  5  feet  of 
the  ground  J  where  they 
connect  to  an  iron  pipe. 
Sheet-metal  leaders  are 
made  cylindrical  in  section, 
as  shown  in  Fig.  3^  (a),  or 
are  made  of  corrugated 
metal^   either  round,  as 
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shown  in  Fig.  35  (^),  or  square.  The  difference  between  ihe 
two  styles  of  pipe  is  the  elasiietty  of  the  eorrugated  pipe 
due  to  corrugation*  Should  water  freeze  in  the  pipes,  it 
would  expand  the  corrugated  pipe,  as  shown  in  Fig.  35  {c) , 
but  would  not  Ripture  the  material  unless  repeatedly  frozen. 
Plain  cylindrical  outside  leader  pipes  invariably  burst  when 
frozen,  as  shown  in  Fig,  S5  (a). 

When  rain  leaders  are  connected  to  the  house  drain,  they 
should  be  trapped  with  running  traps  having  clean-ouis 
attached^  as  shown  in  Fig.  30,  in  which  a  is  the  house  drainj 
d,  the  leader  trap;  r,  i\  the  clean-out  plujjs;  and  t/,  a  long  sweep; 
90*^  bend  at  the  foot  of  the  rain  leader  e.  When  possible, 
two  or  mote  leaders  should  connect  to  one  leader  trap* 
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46#  When  surface  water  from  yards  and  areas  around 
buitdin^fs  is  to  be  discharged  into  the  huuse  drain,  care 
must  be  taken  to  see  that  the  yard  and  area  drains  are 
properly  trapped  and  connected  to  the  house  drain.  There 
should  be  a  receptacle  or  basin,  covered  with  a  suitable 
strainer,  into  which  the  surface  water  should  drain.  In  warm 
climates,  this  receptacle  may  be 
square  in  plan  and  have  a  flat-bot- 
tomed  settling  basin  below  the  out- 
let,  as  shown  in  Fig*  37 »  for  silt  that 
is  carried  in  by  the  water.  But,  in 
cold  climates,  the  bottom  should  be 
hem i spherical  to  prevent  the  water 
in  it  from  bursting  the  basin  when 
it  is  frozen. 

The  outlet  from  the  receiving  basin 
to  the  house  drain  should  be  trapped  with  a  running  trap, 
which  should  be  accessible  and  should  be  provided  with  a 
clean-out  plug  for  cleaning  purposes.  Where  possible,  the 
yard  or  area  drain  should  connect  to  the  leader  side  of  a 
leader  trap,  or  two  or  more  yard  and  area  drains  may  be 
connected  to  one  trap. 
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47.  Area  catch  basins  can  be  made  of  brick  and  plastered 
inside  with  Portland  cement,  or  can  be  made  of  iron,  as  that 
in  Fig*  37.  In  either  case,  the  top  should  be  provided  with 
a  removable  metal  strainer  ^,  The  outlet  shown  at  r  is  for 
warm  climates*  If  fiat-bottomed  area  catch  basins  are  used 
in  cold  climates,  the  outlet  should  be  located  at  the  bottom^ 
as  shown  by  the  dotted  circle  at  d. 

Fig*  38  shows  an  area  drain  connected  to  a  rain  leader,  in 
which  a  is  the  catch  basin;    t,  the  leader  trap;   c,  the  rain 


if;,iiii;:ikii^ljj|:jj**^, 
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Fig.  35 

leader;  (f,  the  main  drain;  e,  the  connection  from  the  catch 
basin  to  the  rain  leader;  and  /»  a  clean -out  plug,  which  is 
flush  with  the  surface  of  the  floor  ^, 

48,  Fig:.  39  shows  a  bell  trap,  in  which  a  is  the  body  of 
the  trap,  d  is  the  outlet,  r  is  a  collar  around  the  outlet,  d  is  a 
grating  that  forms  the  cover  of  the  trap,  r  is  a  bell-shaped 
casting  secured  to  the  under  side  of  the  cover,  and  /  is  the 
water  forming  the  seal  of  the  trap.  Bell  traps  should  never 
be  used  for  yard,  cellar,  area,  or  stable  drains,  as  objections 
to  the  bell  trap  are  many.  The  spigot  end  is  so  short  that 
it  cannot  be  calked  into  a  hub,  and  this  joint  is  therefore 
generally  made  with  putty,  or  not  made  at  all,  and  then 
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sewer  gas  enters  the  buildings  as  shown  by  the  arrows* 
The  trap  cover,  being  removable,  is  soon  lost  or  broken. 
Every  time  the  top 
is  removed,  foul  air 
blows  out  of  the 
opening.  Owing  to 
the  small  area  of  the 
perforations  in  the 
top  of  the  Irapf  a 
sufficient  siipply  of 
water  is  never  ad* 
raitted  to  thoroughly 
flush  the  trap.  Such 
a  large  surface  of 
water  is  exposed  to 
evaporation  that  the 
seal  Is  soon  broken, 
and  finally  the  water  in  the  trap»  being  so  close  to  the  sur- 
face of  the  ground,  is  frozen  during  cold  weather, 

49*  A  good  form  of  trap  to  use  for  cellar  drainage  in 
place  of  the  bell  trap  is  known  as  the  Seiben,  and  is  shown 
ijl  Fig,  40,  It  consists  of  an  iron  receptacle  a  with  a  remov* 
able  inner  chamber  b  into  which  dirt  settles  when  carried  in 
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with  the  water  through  the  perforated  cover  f .  Water  over- 
flows from  the  inner  chamber  to  the  trap  d,  which  is  pro- 
vided with  a  swinging  flap  valve  r,  to  prevent  sewage 
backing  up  and  flooding  the  cellar.     The  check  also  offers 
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a  seal  to  the  drain  air  should  the  water  become  evaporated 
from  the  trap.  The  clean-out  cover  /,  being  located  flush 
with  the  floor,  is  easily  accessible.  The  trap  being  under 
the  box  insures  a  seal  when  the  box  is  cleaned  out. 


LOCATION    OF    CL.EAN-OUT8 

50.  Clean-outs  should  be  located  at  convenient  points  in 
the  house  drain  to  give  access  to  all  parts  within  the  drain 
that  are  liable  to  stoppage,  such  as  the  main  drain  trap,  all 
leader  traps,  yard  traps,  or  area  traps,  where  the  main  drain 
enters  the  building,  back  of  all  vertical  lines  of  soil  or  waste 
branches,  and  at  the  end  of  all  horizontal  lines  of  drain  pipe. 

The  proper  location  for  clean-outs  in  the  house  drain  trap 
is  shown  in  Fig.  3,  and  for  a  leader  trap  at  </'',  Fig.  15, 

while  Fig.  38  shows  at 


/  where  a  yard  or  area 
trap  clean -out  should 
be  placed. 

Where  the  house 
drain  enters  a  build- 
ing, there  should  be  a 
clean-out  giving  access 
to  the  house  sewer. 
This  clean-out  should 
be  the  full  size  of  the  pipe,  up  to  6  inches  in  diameter, 
and  should  be  located  as  shown  in  Fig.  41,  in  which  a  is  a 
Y  branch  located  just  inside  of  the  cellar  wall,  where  the 
drain  enters  the  building.  When  the  screw-cap  clean-out  b 
is  removed,  rods  can  be  run  through  to  the  sewer. 

When  clean-outs  are  placed  in  the  main  drain  back  of  rising 
lines  of  soil  or  waste  pipes,  they  should  be  calked  into  the 
branch  of  a  Y  fitting  that  is  slightly  inclined,  to  keep  it 
free  from  deposits  of  solid  matter.  Fig.  42  shows  how  this 
connection  should  be  made.  A  brass  screw-cap  a  is  calked 
into  the  hub  of  a  Y  branch  located  back  of  the  soil-stack 
branch  b  on  the  main  drain.  In  case  of  stoppage  in  the 
branch  b,  easy  access  is  obtained  through  a. 


Fig.  41 
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Fig.  43  shows  a  clean-out  located  at  the  end  of  a  drain, 
which  terminates  with  a  Y  branch  at  the  base  of  a  soil  stack. 
In  case  of  stoppage  in  the  horizontal  drain  a,  the  obstruction 
can  be  easily  removed  through  the  clean-out  b, 

51.  When  calking  brass  clean-out  ferrules  into  hubs,  the 
plug  should  be  screwed  into  the  ferrule;  otherwise,  the  fer- 
rule is  liable  to  be  bent  out  of  shape  so  that  the  plug  cannot 
be  screwed  in.  The  plug  of  a  clean-out  should  always  be 
well  greased  before  being  screwed  permanently  into  place. 


Pio.  42 
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and  whenever  removed  for  any  cause  should  be  greased 
again  before  replacing.  Brass  clean-outs  should  be  not  less 
than  8  inch  thick.  The  engaging  parts  of  the  screw-cap 
should  have  at  least  six  threads  of  iron-pipe  size  and 
tapered,  and  should  have  a  hub  at  least  W  inches  square  and 
1  inch  high.  


OPENINGS    AND    DUCTS    FOR    HOUSE    DRAINS 

52.  Openings  in  brick  walls  for  horizontal  lines  of  pipe 
to  pass  through  should  be  arched  over  and  made  large 
enough  to  allow  at  least  2  inches  space  all  around,  as  shown 
in  Fig.  44.  The  exact  size  and  locations  of  all  pipe  openings 
should  be  marked  on  the  plans  by  the  plumber,  before  the 
work  is  commenced  on  the  foundation  walls,  so  they  can  be 
built  by  the  mason  as  the  work  progresses.  Brick  piers 
should  also  be  located,  and  the  height  of  each  pier  marked 
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on  the  plans,  so  that  they  can  be  bonded  to  the  walls  and 
become  part  of  them.     In  this  manner  a  permanent  pier  is 

secured  that  will  not  settle 
independently  of  the  wall 
nor  break  away  from  it. 

Pipe  ducts,  in  the  form 
of  trenches  or  tunnels,  are 
often  provided  in  buildings 
where  the  main  drain  is  to 
be  placed  below  the  floor 
of  the  cellar.  The  ducts 
are  provided  with  remova- 
ble covers  of  stone  or  iron, 
which  render  the  entire 
system  accessible  at  all 
times  for  inspection  and 
repairs.  Fig.  45  shows  a 
^'°-  *^  perspective  view  of  a  pipe 

duct  in  which  the  bottom  a  is  made  of  cement  concrete,  the 
side  walls  b,  b  are  built  of  brick,  the  floor  c  of  the  cellar 
is  shown  made  of  cement  concrete,  and  the  covering  d  is 
composed  of  pavement  slabs,  which  may  be  removable  or 
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provided  with  cast-iron  manhole  covers  sunk  flush  with  the 
finished  floor.  The  main  drain  pipe  e  should  run  alonsf  the 
center  of  the  duct,  as  shown. 
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Pipe  chases  or  recesses  are  provided  in  the  foundation 
walls  where  vertical  lines  of  soil  and  waste  pipes  are  to  be 
run  through  rooms  and  where  it  is  desired  to  conceal  them. 
This  overcomes  the  use  of  offsets  at  the  base  of  the  stack. 


FALL    AND    SIZE    OF    DRAINS 

53.  Fall  for  Drains. — Drains  should  have  a  uniform 
pitch  or  fall  throughout  their  length.  The  line  of  pipe  must 
not  have  any  part  of  it  run  level,  nor  should  any  part  of  it  be 
allowed  to  sag  below  the  general  inclination,  as  thereby  a 
pocket  will  be  formed  in  which  water  will  lie.  The  proper 
inclination  or  pitch  to  be  given  to  drains  varies  with  the 
diameter  of  the  pipe,  being  greatest  for  the  smallest  diameter. 
The  inclination  should  be  enough  to  give  the  water  a  velocity 
of  about  275  feet  per  minute.  Less  velocity  will  fail  to  carry 
along  the  solids  that  usually  accompany  the  water. 

The  proper  fall  for  each  size  of  pipe  is  given  in  the  follow- 
ing table,  1  foot  of  fall  being  allowed  for  the  length  given 
under  each  diameter: 

TABLE  I 
FALL    OF    DRAINS 


Diameter  of  drain,  inches  .     2  I  3     4 

! ' 

Length  to  1  foot  of  fall,  feet  20   30  40 

i 


5  '  6  •  7  I  8 


50  I  60   70 


9 
80   90 


ID 


100 


Thus,  a  pipe  3  inches  in  diameter  should  be  laid  with  a 
minimum  fall  of  1  foot  in  30  feet  of  length. 

54.  Diameter  of  l>ralns. — The  proper  diameter  of  the 
pipe  to  be  used  for  a  drain  is  a  matter  that  requires  careful 
consideration.  The  pipe  should  be  large  enough  to  carry  off, 
within  a  reasonable  time,  the  largest  quantity  of  water  that 
will  ever  be  turned  into  the  drain;  yet,  it  must  not  be  so 
large  that  the  ordinary  flow  of  water  will  fail  to  float  and 
carry  along  the  refuse  that  ordinarily  accompanies  the  water. 
Thus,  the  quantity  of  water  that  would  run  properly  in  a 
6-inch  pipe  would,  if  passed  through  a  ^-inch  pipe,  be  so 
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shallow  that  it  would  not  float  and  carry  the  refuse  along. 
This  may  be  seen  by  observing  the  difference  in  depth 
between  the  water  in  the  5-inch  pipe,  shown  in  section  in 
Fig.  46  (a),  and  the  same  quantity  in  the  9-inch  pipe,  shown  in 

section  in  Fig.  46  (^). 
In  Fig.  46  {a)  the 
solids  discharged  from 
the  water  closets  can 
easily  be  floated  and 
carried  along  with  the 
current  without  even 
touching  the  pipe. 
Since  they  do  not  touch 
the  pipe  and  are  sub- 
merged in  the  center  of  the  moving  water,  it  follows  that 
they  must  move  forwards  about  as  fast  as  the  water  that 
surrounds  them.  In  the  9-inch  pipe,  however,  with  the  same 
quantity  of  water,  the  solids  will  touch  the  pipe,  because 
the  water  is  not  deep  enough  to  properly  float  them.     The 
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adhesion  of  the  solids  to  the  pipe  will  create  such  a  resist- 
ance to  their  movement  that  the  water  will  soon  flow  ahead 
and  leave  them  behind,  where  they  will  remain  until  another 
flush  comes  and  moves  them  forwards  a  little  farther. 

55.     The  velocity  with  which  water  will  flow  through  a 
pipe  depends  on  the  degree  to  which  it  fills  the  pipe.     This 
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is  shown  by  the  diagram  given  in  Fig.  47.  If  the  level  of  the 
flowing  water  is  at  Z>,  and  the  length  of  the  line  DE  is  taken 
to  represent  the  velocity  of  the  current,  then  the  velocity  of 
a  quantity  of  water  that  fills  the  pipe  only  to  the  level  F  will 
be  equal  to  the  line  FG.  The  difference  is  largely  due  to  the 
relatively  greater  friction  of  the  smaller  stream,  the  propor- 
tion between  the  wet  surface  of  the  pipe  and  the  quantity  of 
the  water  being  much  greater  at  the  level  F  than  at  the 
level  D.  It  will  be  noticed  that  when  the  pipe  is  about  three- 
quarters  full  the  maximum  velocity  is  attained. 

A  diameter  of  4  inches  is  usually  sufficient  for  a  drain  for 
an  ordinary  small  dwelling;  if  the  rain  leaders  empty  into  it,  a 
5-inch  or  6-inch  pipe  should  be  used.  When  no  rain  water 
discharges  into  the  house  drain,  a  4-inch  pipe  will  receive 
the  discharge  from  1  to  15  fixtures;  a  5-inch  pipe,  from  16  to 
30  fixtures;  a  6-inch  pipe,  from  31  to  50  fixtures;  a  7-inch 
pipe,  from  51  to  80  fixtures;  an  8-inch  pipe,  from  81  to  120 
fixtures;  a  9-inch  pipe,  from  121  to  200  fixtures;  and  a  10-inch 
pipe,  from  201  to  300  fixtures. 

The  following  table  shows  the  sizes  of  main  drains  and 
house  sewers  required  to  drain  certain  areas  of  roof  or 
other  impervious  surfaces  when  the  rain  water  empties  into 
the  drain: 

TABLE  II 


SIZE    OF    HOUSE 

DRAINS 

Diameter 

Fall  i  Inch  per  Foot 

Fall  1  Inch  per  Foot 

6  inches 

7  inches 

8  inches 

9  inches 

5.000  square  feet  of  draina&re  area 
6,900  sqnarc  feet  of  drainasre  area 
9.100  sqnare  feet  of  drainatre  area 
11.600  square  feet  of  drainasre  area 

7.500  square  feet  of  drainafifc  area 
10.300  square  feet  of  drainasre  area 
13.600  square  feet  of  drainasre  area 
17.400  square  feet  of  drainaire  area 

OUTSIDE    HOUSE    DRAINAGE 

56.  Fig.  48  shows,  by  plan  and  sectional  elevation,  a 
system  of  drainage  suitable  for  an  isolated  building.  Water 
is  assumed  to  be  scarce,  and  the  rain  water  falling  on  the 
roof  of  the  building  is  collected  and  stored  in  a  brick  and 
cement  cistern.     The  sewer  pipe  is  supposed  to  be  very  long, 
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and  to  have  a  very  slight  fall  toward  its  outlet.  To  keep  the 
drains  clean  with  a  minimum  expenditure  of  water,  the  waste 
water  from  some  of  the  baths  and  wash  basins  is  collected 
in  an  automatic  flushing  tank  and  discharged  periodically 
for  flushing  purposes.  Of  course,  when  this  is  done,  the  bath 
and  basin  stacks  must  be  carried  separately  up  to  and  through 
the  roof,  and  have  no  connection  with  the  closet,  soil,  or 
vent  pipes.  It  will  be  noticed  that  all  the  pipes  are  run 
immediately  through  the  main  wall  and  underground.  This 
avoids  running  horizontal  pipes  in  the  basement  or  under 
the  floors  of  the  building,  thereby  reducing  the  danger  from 
leaks  to  a  minimum. 

The  6-inch  earthenware  pipe  a  is  the  house  sewer  proper; 
it  conveys  all  of  the  sewage  from  the  building  to  a  suitable 
outlet.  The  main  disconnecting  trap  b  is  built  in  a  brick 
manhole.  An  inspection  piece  into  which  the  drains  </,£/ dis- 
charge, and  the  fresh-air  inlet  e  joins,  delivers  into  the- trap. 
A  closed  inspection  piece  is  placed  in  the  manhole  /.  An 
automatic  flushing  tank  g  is  connected  to  the  highest  end. 
This  receives  discharge  from  the  bath  and  basin  waste  A. 
The  pipe  /,  led  to  a  convenient  point,  is  a  fresh-air  inlet  to^, 
while  //  acts  as  an  air-outlet.  A  grease  trap  j  intercepts 
grease,  etc.  from  the  sink  /'  and  laundry  tubs  /,  and  is  venti- 
lated to  the  roof  by  a  8-inch  pipe  w,  a  few  holes  serving  as 
air  inlet  being  made  in  the  cover.  The  branch  drains  </„</i 
connect  the  soil-pipe  stacks  ;/, ;/  to  the  main  drains.  The  dis- 
charge from  baths  and  basins  connected  to  the  waste  stack  h 
enters  the  drain  direct.  The  roof  water  falls  in  the  leader  or 
conductor  pipes  />  into  the  stoneware  rain-water  pipes  q.  These 
pipes  convey  it  to  the  filter  r,  through  which  it  must  flow  before 
entering  the  cistern  .9,  from  whence  it  is  drawn  to  the  build- 
ing by  a  pump  attached  to  the  suction  pipe  /.  An  overflow 
for  the  filter,  that  is,  for  the  cistern,  is  shown  at  «.  The 
trap  V  disconnects  the  flushing  tank  from  the  drains,  so  that 
when  the  tank  is  empty  it  will  not  be  filled  with  drain  air. 
A  small  air  pipe,  which  turns  over  in  the  tank  g^  prevents  an 
air  lock  between  g  and  v.  A  handhole  w  is  placed  on  the 
drain  for  easy  access. 
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Should  the  water  supply  to  this  building  be  abundant  and 
the  roof  water  permitted  to  flow  to  waste,  the  best  method 
would  be  to  run  all  the  rain-water  drains  into  a  flushing  tank, 
and  all  the  discharge  from  the  several  pipe  stacks  directly 
into  the  drainage  system.  If  the  water  supply  should  be 
abundant  and  the  pitch  of  the  drains  and  sewer  pipe  sufficient 
to  insure  thorough  cleansing  with  ordinary  methods  of 
flushing,  that  is,  by  the  simple  discharge  from  the  fixtures, 
the  cistern,  filter,  and  flushing  tank  would  be  omitted.  All 
the  roof  water  would  then  deliver  into  the  drains,  the  rain- 
water drains  and  leaders,  of  course,  being  trapped  from  the 


drainage  system  so  that  drain  air  or  sewer  gas  could  not  flow 
up  the  rain-water  leaders  or  conductors  and  be  discharged 
into  or  near  windows.  The  grease  trap,  however,  should 
remain,  but  the  laundry  tubs  need  not  deliver  into  it. 


BOILER    BLOW-OFF    CONNECTIONS 

57.  Blow-off  pipes  from  steam  boilers  should  never 
connect  with  the  house  drain,  but  should  enter  the  house 
sewer  on  the  street  side  of  the  main  drain  trap  after  passing 
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through  a  proper  cooling  tank.     In  the  case  of  low-pressure 
heating  boilers,  the  cooling  tank  can  be  omitted. 

Blow-off  connections  can  be  made  with  wrought-iron  or 
cast-iron  pipe.  When  cast-iron  pipe  is  used,  it  should  be 
put  together  with  rust  joints  or  flange  joints.  Fig.  49  shows, 
in  plan  view,  a  blow-off  pipe  a  connected  to  a  house  sewer  b, 
A  trap  c  is  located  on  the  blow-off  pipe  a  inside  the  cellar 
wall,  a  clean-out  being  located  at  d.  By  blowing  off  the 
boiler  water  on  the  sewer  side  of  the  main  drain  trap,  steam 
is  prevented  from  entering  the  plumbing  system  in  the 
building  and  thereby  ruining  the  joints. 


STABLE    DRAINAGE 

58.  The  same  general  rules  that  govern  the  installation 
of  house-drainage  systems,  govern  the  installation  of  stable- 
drainage  systems.  The  stable  sewer  should,  if  possible, 
connect  separately  with  the  street  sewer.  The  drain  within 
the  building  should  be  of  cast  iron  or  wrought  iron  and  extend 
at  least  5  feet  outside  of  the  foundation  wall.  It  should  be 
trapped  with  a  running  trap,  just  inside  of  the  foundation  wall, 
which  must  be' accessible.  It  should  be  provided  with  a 
fresh-air  inlet,  and  have  clean-out  openings  located  along  the 
drain  wherever  it  is  liable  to  stoppage.  All  branches  should 
be  made  with  Y  fittings,  and  the  main  lines  of  soil  and  waste 
pipe  should  extend  full  size  up  to  and  through  the  roof. 
Rain  leaders  should  be  properly  trapped  and  connected  to 
the  drain,  and  all  fixtures  should  be  separately  trapped  and 
ventilated.  The  whole  system  becomes  therefore  practically 
the  same  as  house-drainage  work.  In  some  localities,  the 
stable  occupies  a  site  on  the  same  plot  of  ground  with  the 
house.  When  such  is  the  case,  a  single  sewer  can  be  run 
in  from  the  street  sewer  and  a  branch  taken  off  for  either  the 
house  or  the  stable.  Fig.  50  shows,  such  a  plan,  in  which  a 
is  the  street  sewer  and  ^  is  a  combined  house  and  stable 
sewer.  The  house-sewer  branch  is  located  at  c  and  the  stable 
sewer  proper  at  d,  A  main  drain  trap  and  fresh-air  inlet  is 
located   inside  the  cellar  wall  of    the  house,  another  being; 
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located  inside  the  cellar  wall  of  the  stable;  or,  if  there  is  no 
cellar,  it  may  be  located  outside  in  a  manhole. 


Fm.  50 

59.  Stall  drains  are  made  of  durable  hardwood  planks 
with  grooves  in  them  draining:  to  a  g^utter  at  the  rear  of  the 
stalls.    The  shutters  discharge  into  the  stable  drains  through 
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traps.     This  form  of  stable  drain  with  some  modification  is 
the  kind  generally  used. 

Fig.  51  (a)  and  {d)  shows  sectional  views  of  a  stall  drain 
made  of  grooved  planks,  in  which  a  are  3-inch  planks,  grooved 
almost  their  entire  length,  as  shown  at  d.  The  grooves  d  are 
deeper  toward  the  back  of  the  stable,  as  shown.  Fig.  61  (c) 
is  a  sectional  view  of  the  stable  gutter,  which  consists  of  a 
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groove  c  cut  in  a  timber  d.  The  groove  is  made  deeper  at  the 
outlet  end,  to  allow  for  drainage;  e  is  the  stall  floor  and  /  the 
stable  floor,  which  drain  into  the  gutter  c.  The  under  sur- 
face, tongue,  and  groove  of  the  flooring  of  the  stalls  should 
be  painted  with  asphalt  or  tar  to  keep  it  from  rotting.     The 


a) 


k^ 


Ky^A'y.y^ 


1% 


(c) 

Pig.  52 

flooring  should  be  laid  with  a  fall  of  about  I2  inches  toward 
the  stall  gutter.  Where  the  planking  e  and  /  rests  on  the 
gutter  d,  it  should  also  be  coated  with  tar  or  asphalt. 

60.  Fig.  52  shows,  in  section,  an  improvement  of  the 
grooved-plank  stall  drain.  This  drain  consists  of  a  double 
floor  of    2-inch  planks  with   iron   channels  between  them. 
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I  Pig-  52  (a)  shows  the  planking  for  the  lower  floor,  which  is 
rabbeted  to  receive  the  flanges  b,  b  of  the  iron  channel  shown 
in  Fig.  52  (^)p  and  Fig,  52  (r)  shows  a  section  of  a  stall 
drain  laid.  A  cast-iron  gutter  runs  under  the  ends  oi  the 
channels  c^  into  which  all  drainage  is  discharged. 

61.  Fig«  53  shows  a  section  of  a  stall  gutter  and  waste 
connection,  in  which  a  is  the  stall  drain  that  empties  into 
the  gutter  b  through  the  perforated  iron  cover  c.  The 
spigot  ti  is  calked  into  a  piece  of  pipe  without  a  hub  from 


[the  inside,  as  shown.  The  pipe  /■  is  then  calked  into  the 
[hub  of  the  trap  /.  Traps  for  stall  drains  do  not  require  to 
[be  ventilated.  Drippings  are  depended  on  to  maintain  the 
[seal  in  the  trap.  The  gutters  and  covers  are  made  of  cast 
[iron.  The  straight  lengths  are  cast  with  a  suitable  pitch 
to  the  draining  point.  Various  shaped  fittings,  such  as 
I  elbows  ^  T*s.  and  crosses,  are  made  for  changing  the  direc- 
[ lion  of  the  gutter. 

Asphalt  floors  for  stalls  and  stables  are  made  by  covering 
[the  floor  space  of  the  staHs  and  stables  with  a  course  of 
[Portland  cement   concrete  at    least  4   inches  thick,  which 
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should  be  g^raded  toward  the  gutters.     The  concrete  should 
then  be  covered  with  a  layer  of  asphalt  at  least  2  inches  thick. 

62.  Fig.  54  shows  an  excellent  combination  trap  and 
stall  chamber  for  stable  drains.  The  gutter  a  may  be  laid 
with  an  inclination  of  about  1  inch  for  10  feet  and  discharge 
into  a  trap  and  catch  basin  b,  as  shown.  The  solid  matter 
will  accumulate  in  the  bottom  and  may  be  removed  by 
lifting  off  the  perforated  covers  c  and  d.     Straw  and  such 


Fig.  64 

matter  that  might  pass  through  the  floor  gratings  is  likely 
to  be  intercepted  by  d.  A  clean-out  screw  should  be  pro- 
vided at  €  through  which  rods  may  be  inserted  in  case 
the  pipe  /  becomes  choked.  The  clean  waste  water  from 
hydrants  or  drinking  troughs  should,  if  possible,  empty 
into  the  floor  gutters  at  their  ends,  so  as  to  flush  and 
clean  them. 

63.  The  carriage  wash  is  a  space  on  the  carriage  floor 
where  carriages  are  placed  to  be  washed.  The  flooring  of 
this  space  slopes  toward  some  point,  generally  the  center, 
which  is  drained  by  a  cast-iron  catch  basin  and  trap  con- 
nected to  the  stable  drain. 
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at  b  and  terminates  with  a  cowl.  The  leaders  are  located 
at  c,  c.  The  common  stalls  are  provided  with  a  stall  gutter, 
having  a  perforated  cover  at  (/,  which  gutter  discharges  into 
a  gutter  box  and  trap  at  e,  a  clean-out  being  provided  on  the 
sewer  side  of  this  trap.  The  box  stalls  are  provided  with 
a  catch  basin  and  trap  /  in  the  center,  the  floor  of  each  box 
stall  being  pitched  down  to  this  point.  The  grooming  room 
also  is  provided  with  a  catch  basin  and  trap.  Sinks  pro- 
vided with  hot  and  cold  water  are  located  in  the  harness 
room  and  in  the  grooming  room.  A  4-inch  stacks  is  run  up 
to  and  through  the  roof  between  the  sinks  to  ventilate  the 
drainage  system.  The  rain-water  leaders  are  disconnected 
by  traps  //,  h,  A  drinking  trough  is  located  at  the  end  of  the 
common  stalls  in  the  stable.  A  2-inch  vent  stack  /  taken 
from  the  sewer  side  of  the  trough  trap  extends  up  to  and 
through  the  roof.  The  carriage  wash  is  also  provided 
with  a  catch  basin  and  trap  sunk  flush  with  the  floor.  Four- 
inch  brass  clean-outs  are  located  at  j  for  access  to  the  drain- 
age system  at  any  point,  and  a  suitable  manhole  is  provided 
in  the  floor  for  access  to  all  these  clean-outs,  because  they 
will  require  frequent  attention  if  the  traps  are  not  periodically 
cleaned  out  and  flushed  with  the  hose. 

(>5.  Drinking  troughs  should  be  provided  on  all  the 
floors  of  a  stable  where  horses  or  cattle  are  kept.  There 
are  two  kinds  of  water  troughs:  general  troughs  for  all  the 
horses,  or  separate  ones  located  in  the  stalls  and  sometimes 
automatically  supplied  with  water. 

A  general  watering  trough  should  be  supplied  with  hot  and 
cold  water;  it  should  be  properly  trapped  and  ventilated  and 
should  connect  with  the  stable  drain.  The  outlet  should  be 
provided  with  a  plug  to  hold  the  water  in  the  trough,  and  it 
should  have  an  overflow  to  the  house  side  of  the  fixture  trap. 


WROITGHT-IRON    I>RAINACJK    SYSTEMS 

(>6.  Pipes  and  Fittlnprs. — A  system  of  piping  large 
buildings  with  galvanized  or  tar-coatcd  wrought-iron  or  steel 
pipe  and  recessed  drainage  fittings,  which  are  put  together 
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with  screw  threads,  is  now  very  extensively  used  in  the 
larger  cities,  and  is  generally  known  as  the  Durham  system. 
For  the  class  of  work  in  which  it  is  used,  this  system  has 
many  advantages  over  the  cast-iron  pipe  system,  among 
which  is  the  greater  strength  of  the  joints,  which  cannot 
work  loose,  as  is  sometimes  the  case  with  lead-calked  joints. 

All  iron  pipe  put  together  with  screv^;.jaints  is  known  as 
wrought'iron  pipe,  although  most  so-called  wrOught-iron  pipe 
is  made  of  steel.  The  system  of  installation  and  method  of 
handling  is  the  same  in  the  case  of  wrought-iron  and  steel 
pipes.  Plain  black  wrought-iron  pipe  should  never  be  used 
for  a  drainage  system,  as  it  corrodes  and  scales  too  quickly. 
The  pipe  and  fitting  should  be  either  galvanized  or  tar  coated. 

Systems  of  wrought-iron  and  cast-iron  piping  are  in  prin- 
ciple the  same.    The  method  of  installation  only  is  different. 

It  is  customary  in  large  steel-frame  buildings,  fitted  with 
the  wrought-iron  drainage  system,  for  the  plumber  to  work 
ahead  of  the  bricklayers,  keeping  his  lines  one  story  above 
them.  To  do  so,  great  care  must  be  exercised  in  taking 
measurements  so  that  the  branch  waste  and  vent  pipes  will 
come  inside  of  the  partitions  where  they  belong.  This 
method  of  working  ahead  of  the  bricklayers  makes  the  work 
easier  and  quicker  for  the  plumber,  as  there  is  no  cutting  of 
walls  or  arches  in  order  to  install  the  lines  and  branches. 
A  suitable  floor  to  work  on  is  made  by  laying  planks  across 
the  iron  beams,  on  which  a  scaffold  should  be  constructed 
for  putting  up  all  overhead  work. 

67.  Fittings  used  on  wrought-iron  drainage  systems  are 
made  especially  for  the  purpose,  and  have  a  recess  so  that 
when  the  pipe  is  screwed  into  the  fitting  to  the  shoulder 
there  will  be  a  smooth  continuous  inner  surface.  The  fittings 
are  also  made  with  easy  sweep,  that  is,  long  radius  curves  to 
offer  as  little  resistance  as  possible  to  the  flow  of  sewage. 

Types  of  drainage  fittings  with  their  trade  names  printed 
under  them  are  shown  in  Fig.  56.  Elbows  are  made  with 
bends  of  5|°,  lli°,  22i°,  45°,  6()°,  and  90°.  Elbows  of  45° 
and  90°  are  made  from  two  patterns,  long-turn  bends  and 
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ort-tum  bends.  Long*turn  bends  are  the  most  suitable  for 
horizontal  drains,  although,  where  space  will  not  permit  their 
use»  ^hort-turn  bends  may  be  used.  Branch  fit  lings  are 
made  T  pattern,  Y  patter n,  and  T  ¥  pattern*  Branch  Y  fittings 
are  made  with  an^jles  of  45°  and  60°,  They  are  made  with 
outlets  all  the  same  sia^e,  and  also  with  reduced  branch  out- 
lets. Double  Y  fittiti^s  are  made  with  angles  of  4o°  and  60*^, 
and  also  with  reducing  branch  outlets.  T  Y  fittings  are  made 
single  and  double,  and  from  two  patterns — long- turn  fittings 
and  short-turn  fittings.  Long-turn  fittings  are  especially 
suitable  for  house  drains,  while  short-turn  fittings  are  com- 
monly used  on  vertical  stacks  of  soil  and  waste  pipes,  A 
convenient  form  of  branch  fitting  for  bathroom  outlets  is 
either  the  closet  Y  branch  of  the  T  pattern  with  side  outlets* 
or  the  closet  Y  branch  of  the  T  pattern  with  top  and  side 
outlets.  These  fittings  provitle  separate  connections  to  the 
soil  or  waste  stack  for  the  usual  bathroom  fixtures^  and 
obviate  the  necessity  of  connecting  the  basin  and  bathtub 
wastes  to  the  lead  closet  bend*  Cast  offsets  are  convenient 
fittings  for  use  where  a  line  of  pipe  is  to  be  offset  12  inches 
or  less.  Larger  offsets  are  made  with  45^  or  60°  bends  and 
a  piece  of  pipe.  The  vent  caps  are  used  only  on  fresh-air 
inlets  and  are  seldom  made  larger  than  5  inches  diameter. 
Closet  elbows  and  closet  flanges  are  used  for  closet  connec- 
tions* They  are  only  nsed.  however,  when  a  system  is 
entirely  of  wrought  iron.  In  most  installations»  lead  closet 
connections  are  used.  Roof  connections  are  placed  on  vent 
pipes  above  the  roof  to  prevent  rain  water  following  the  pipe 
inside  of  the  roof  flashings.  Drainage-fitting  traps  are  made 
both  for  house  drains  and  fixtures;  they  may  be  had  in  stand- 
ard sizes  from  2  to  8  inches  in  diameter.  Base  elbows  are 
used  at  the  foot  of  soil  or  waste  stacks,  and  are  provided 

ith  heavy  rests  to  support  the  weight  of  the  wrought-iron 

ertical  stack. 


68*  Meiisurt'inents, — For  wrought-iron  drainage  pipes, 
the  measurements  are  taken  on  the  job,  and  a  sketch  with  the 
measurements  is  sent  to  the  shop  to  have  the  pipes  cut  and 
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threaded.  On  small  jobs,  where  the  diameter  of  the  largest 
pipe  does  not  exceed  4  inches,  and  on  country  work,  the 
pipes  are  cut  and  threaded  on  the  job.  Recess  drainage 
fittings  are  only  used  on  soil  waste  and  drain  pipes,  common 
steam  or  water  fittings  being  used  for  vent  pipes. 

Fig.  57  shows  a  main  house  drain  of  wrought-iron  pipe 
suspended  from  the  steel  beams  by  the  pipe  hangers  «,  a,  A 
scaffold  made  with  horses  b,  b  and  planking  c  should  be 
erected  under  the  place  where  the  drain  is  to  be  located,  to 
afford  a  platform  to  work  on  when  taking  measurements  and 
installing  the  pipe. 


'^^■■-  ^■■:•';•^'■:Vo.•■■■^V:;.•:v•<?^  ■■.■.■'•     •  .^:  •.•  V..;.-',  ^'^  .r./:^'--v<s':iKV"v^$'i->^w^^^^^ 


Fig.  57 

Plumb-bobs  should  be  suspended  from  above,  where  the 
center  of  the  soil  and  waste  stacks  will  be  located,  to  indicate 
the  points  where  the  various  fittings  should  be  placed  in  the 
house  drain,  and  if  the  pipes  arc  to  be  cut  and  threaded  on 
the  job,  a  line  drawing  of  the  drain  should  be  made,  on  which 
the  measurements  can  be  marked  when  they  are  taken.  If, 
however,  the  diagram  is  to  be  sent  to  the  shop,  a  detailed 
drawing  should  be  made,  showing  all  the  fittings  and  having 
the  dimensions  and  sizes  marked  thereon.  A  copy  of  this 
drawing  should  be  sent  to  the  shop  and  the  original  kept  for 
reference. 

Measurements  should  be  made  with  a  10-foot  rod,  or  when 
the  distances  are  too  great  for  a  10-foot  rod,  a  steel  tape 
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should  be  used 


An  ordinary  tape  is  not  reliable.  The  dis- 
tances between  the  plumb-lines  should 
be  measured  and  recorded  on  the  sketch. 
These  measurements  represent  the  dis- 
tance from  the  center  of  one  fitting  to 
the  center  of  the  next,  and  are  known  as 
center  to  center  measurements,  w^hich 
may  be  abbreviated  thus,  *V-r.'* 

69.  Fig.  58  shows  a  working  plan 
and  measurements  of  a  drain  such  as 
would  be  sent  to  the  shop  to  cut  and 
thread  the  pipes  by.  Up  to  the  fresh-air 
inlet  T  a,  no  measurements  have  been 
taken,  as  this -section  of  the  drain  will  be 
made  up  as  close  as  possible  with  short 
stock  nipples  and  the  several  fittings 
shown.  The  distance  from  the  end  of 
the  Y  ^  to  the  center  of  the  first  rising 

.  line  c  is  12  feet  6  inches,  so  that  by  sim- 
£  ply  subtracting  the  length  a  b  from  the 
measurement  12  feet  6  inches,  the  length 
of  section  ac  will  be  found.  Suppose 
the  distance  «  ^  to  be  7  feet  6  inches, 
then  the  distance  ac  will  be  12  feet 
6  inches  —  7  feet  6  inches  =  5  feet. 

70.  Pipe  Cutting  and  Threiul- 
InpT  From  Sketch.  —  In  getting  out 
wrought-iron  pipe,  work  is  commenced 
on  the  outlet  end  of  the  pipe,  and.  the 
fitting  is  screwed  on  the  inlet  end  at 
the  vise.  For  instance,  in  Fig.  58,  work 
would  commence  with  the  Y  b,  into  which 
would  be  screwed  a  short  nipple  d,  and 
a  45°  bend  e\  a  short  nipple  /  would  next 
be  screwed  into  the  bend  c,  on  which 
would  be  screwed  the  trap;^.  A  nipple  // 
should  next  be  screwed  into  the  trap  g. 
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on  which  would  be  screwed  the  fresh-air  inlet  T  fitting  a. 
All  this  work  would  be  made  up  of  the  various  fittings  and 
stock  nipples,  which  should  be  extra  heavy.  The  first  meas- 
urement to  be  taken  would  be  for  the  section  of  pipe  between 
the  fittings  a  and  c.  Fig.  59  shows  how  a  measurement  is 
made  from  center  to  center  of  fittings.  The  fitting  a  should 
be  screwed  on  the  pipe  b,  and  the  length,  5  feet  from  the  cen- 
ter of  rt,  marked  on  the 
pipe,  as  at  r.  The  fit- 
ting d  should  then  be 
measured  from  the  cen- 
ter of  the  fitting  e  to 
^'''-  ^  the  shoulder  /,  against 

which  the  pipe  b  will  be  screwed  when  in  place.  This 
measurement  e  f  should  be  deducted  from  the  length  marked 
(5  feet),  which  would  show  the  exact  place  where  the  pipe  b 
should  be  cut.  Suppose  the  distance  from  ^  to  /  on  the 
fitting  d  is  5  inches;  then  the  length  of  pipe  b  from  the  center 
of  the  fitting  a  will  be  5  feet  less  5  inches,  or  4  feet  7  inches. 
Each  successive  piece 
of  pipe  with  its  proper 
fitting  is  thus  measured, 
cut  off,  reamed  and 
threaded,  and  the  pieces 
marked  for  identifica- 
tion on  the  job. 

71.      Installation. 

To   put    together   the 

pipe  on  the  job,  the  Y  b, 

Fig.  r)8,  is  screwed  on  ^'^-^^ 

the  house  drain  where  it  comes  through  the  foundation  wall. 

The  first  four  or  ^iwe  threads  on  both  ends  of  the  nipple  d 

arc  painted  with  lead  or  graphite,  one  end  of  which  is  then 

screwed  into  the  45°  bend  e  and  the  other  end  into  branch 

of  the  Y  />.     Roth  threads  are  made  up  by  hand  as  tight  as 

possible,  after  which  a  chain  tongs  is  placed  on  the  45®  bend 

to  screw  it  up  while  another  chain  tongs  is  put  on  the  fitting  b 
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the  reverse  way,  to  keep  it  from  turning.     Screwing  up  the 
fitting  e  makes  up  both  threads  on  the  nipple  d. 

Fig.  60  shows  the  position  of  the  chain  tongs  when  making 
up  the  section  a  c,  in  which  a  is  in  the  Y  branch  that  connects 
to  the  house  drain  where  it  enters  the  building;  b,  the  nipple 
which  connects  the  45°  bend  c  to  the  branch  a\  d,  the  chain 
tongs  used  to  screw  up  the  nipple  and  fittings  b  and  c\  and  e 
is  the  chain  tongs  that  keeps  the  fittings  from  turning.  The 
whole  system  is  put  together  in  this  manner.  A  short  length 
of  pipe  is  sometimes  screwed  into  the  branch  of  a  fitting  to 
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keep  it  from  turning  while  a  threaded  pipe  is  being  screwed 
into  it.  This  method  is  also  very  convenient  when  putting 
on  or  taking  off  a  fitting  from  a  piece  of  pipe  on  the  floor. 

72.  Drainage  fittings  should  be  tapped  so  as  to  give  a 
fall  of  about  i  inch  to  the  foot  to  a  horizontal  pipe  without 
resorting  to  a  crooked  thread  or  a  bend  in  the  pipe. 

Fig.  61  shows,  by  the  dotted  lines  at  a,  the  position  of  a 
rising  line  from  a  horizontal  drain  b  when  the  fitting  is  tapped 
at  right  angles;  while  c  shows  the  position  of  the  pipe  when 
the  fitting  is  tapped  to  allow  for  a  fall  to  the  drain  when  the 
stack  is  plumb. 

When  drainage  fittings  are  not  tapped  to  allow  for  fall,  a 
crooked  thread  cUt  on  the  bottom  of  the  rising  line  or  a 
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slight  bend  in  the  pipe  will  give  the  required  direction  to 
the  stack.  Fig.  62  shows  a  rising  line  turned  to  a  perpen- 
dicular by  means  of  a  bend  at  a  in  the  vertical  pipe.  This 
may  be  necessary  if  the  fall  of  the  drain  is  greater  than  the 
tapping  will  allow. 

Fig.  68  shows  a  crooked  thread  a  cut  on  the  end  of  a  pipe  b. 
The  angles  that  can  be  given  a  pipe  by  the  use  of  a  crooked 

thread  depend  on  the  angle 

at  which  the  thread  is  cut  on 

the  pipe.     When  the  angle  is 

very  slight,  there  is  nothing 

objectionable  to  this  method 

of  securing  a  pitch  for  a  pipe, 

but  if  the  angle  is  great, 

^'^■^  the  thread  will  be  cut  much 

deeper  on  one  side  of  the  pipe  than  on  the  opposite,  as  shown 

at  r,  and  the  pipe  will  be  weakened  at  this  point.     Crooked 

threads,  therefore,  should  not  be  used,  generally  speaking. 

73.  Temporary  hangers  should  be  used  to  support  all 
horizontal  lines  of  pipe  while  they  are  being  put  together, 
and  should  support  them  in  about  the  positions  they  will 
occupy  when  the  work  is  completed.  In  frame  buildings, 
temporary  hang^ers  consist  of  two  pieces  of  board  nailed 
vertically  to  the  floorbeams  and  secured  to  a  horizontal 
board  passin*g  under  the  pipes.  Permanent  hangers  should 
in  all  cases  be  placed  on  the  pipes  before  the  temporary  ones 
are  removed.  Supports  from  the  floor,  or  staying,  can  be 
used  in  place  of  temporary  hangers  when  making  up  pipe, 
but  in  such  cases  j)ermanent  hanj^ers  should  be  put  on  the 
pipe  as  the  work  progresses.  Temporary  hangers  for  steel 
structures  can  be  made  the  same  as  for  frame  buildings,  but 
with  iron  beam  clamps  to  support  them  from  the  beams. 
A  better  way,  however,  is  to  put  in  the  permanent  hangers 
first,  and  place  the  pipe  in  the  hangers  when  making  it  up. 
Hanjxers  should  be  placed  not  more  than  10  feet  apart  on 
pipe  up  to  4  inches  in  diameter,  and  not  over  5  feet  apart  on 
lar<;er  pipes.    Wherever  branches  are  taken  out  of  horizootal 


§44  HOUSE  DRAINS  61 

drains  for  rising:  lines,  two  hangers  should  be  used,  one  on 
each  side  of  the  fitting. 

The  same  general  rules  should  be  observed  in  leveling 
wrought-iron  pipes  as  in  leveling  cast-iron  pipes,  with  this 
difference,  however:  the  straightedge  need  not  rest  on  the 
hubs  of  the  fittings  but  may  be  applied  directly  to  the  pipes. 


SEWAGE  EJECTION  FROM  BUILDINGS 


INTRODUCTION 


PURPOSE 

74.  Public  toilet  rooms,  underground  passenger  stations, 
and  the  cellar  and  basement  floors  of  large  city  buildings, 
are  often  below  the  level  of  the  city  sewer  in  the  adjacent 
street.  When  this  is  the  case,  sewage  from  the  fixtures  in 
the  basement  cannot  enter  the  sewer  by  gravity,  but  must  be 
raised  to  it  by  mechanical  means.  The  sewage  from  all  fix- 
tures higher  than  the  sewer  level,  and  the  roof  water,  should, 
however,  discharge  by  gravity  into  the  sewer. 

Different  methods  are  used  for  raising  subsewer  drainage 
to  the  street  sewer,  such  as  pumping  and  compressed-air 
ejectment.  The  latter  is  more  commonly  used  because  the 
apparatus  is  less  liable  to  derangement.  The  systems  of 
piping  are  arranged  so  that  the  sewage  is  collected  by  gravity 
in  a  tank,  called  a  sump  tank,  located  lower  than  all  fixtures 
or  subsoil  pipes  to  be  drained.  The  apparatus  is  usually 
placed  in  a  subbasement,  or  pit  in  the  basement,  of  the  building 
from  which  the  sewage  is  to  be  pumped  to  the  street  sewer. 
The  sump  tanks  or  sewage  receiving  tanks  and  the  pumps 
should  always  be  in  duplicate,  that  is  to  say,  there  should  be 
two  tanks  and  two  pumps  arranged  side  by  side.  Each  unit, 
that  is,  each  pump  and  tank,  should  be  large  enough  to  take 
care  of  all  the  sewage  independent  of  the  other.  Then,  one 
pump  and  tank  may  be  disconnected  for  repairs  without  affect- 
ing the  operation  of  the  system. 
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PLUNGER    AND    CENTRIFUGAL.    PUMPS 

75.  There  are  two  kinds  of  pumps  that  can  be  used  for 
sewage  ejectment:  plunger  and  centrifugal  pumps. 

Plunger  pumps  are  seldom  used,  chiefly  on  account  of 
the  leakage  of  sewage  around  the  plungers,  which  produces 
foul  odors;  consequently,  a  plunger  pump  is  not  a  sanitary 
contrivance.  The  leakage  is  caused  by  the  sliding  of  the 
plungers  out  and  in  through  the  packing  boxes,  and  as  the 
pumps  are  usually  out  of  sight  in  a  dark  place  the  leakage 
does  not  receive  prompt  attention. 

Centrifugal  pumps  are  less  liable  to  leakage  and  to 
become  inoperative  by  corrosion  of  the  working  parts. 
A  centrifugal  pump  consists  of  a  hollow  casing  in  which  is 
placed  a  wheel  with  a  set  of  curved  vanes.  The  wheel  is 
rigidly  keyed  to  a  shaft  or  axle  that  extends  through  a 
packing  box  on  one  side  of  the  casing  to  connect  to  a  pulley, 
electric  motor,  or  other  means  of  motion.  Fig.  64  shows 
two  sectional  views  of  a  centrifugal  pump,  and  clearly 
shows  its  construction.  The  sewage  flows  through  the 
suction  inlet  a  into  the  chambers  b,  b  and  is  thus  delivered 
to  the  inner  ends  of  the  vanes  r,  c,  which  are  revolved  by  an 
engine  or  motor.  The  sewage,  of  course,  revolves  with  the 
vanes  and  is  driven  outwards  by  the  action  of  centrifugal 
force  into  the  spiral-shaped  passage  d^  which  leads  it  to  the 
discharge  pipe  connected  to  the  outlet  e.  The  pump  should 
be  below  the  level  of  the  sewage  in  the  sump  tank,  in  order 
that  it  may  always  be  filled  with  sewage;  it  will  then  start 
pumping  as  soon  as  it  is  set  in  motion. 


PIPING 

76.  The  subsewer  system  of  piping,  or  that  part  of  the 
drainage  system  located  below  the  street  sewer  level,  should 
be  graded  down  to  the  air-tight  receiving  tanks,  which 
should  be  made  of  iron,  and  enclosed  in  a  water-tight  iron 
or  brick  chamber  placed  at  such  a  level  that  all  subsewer  soil 
and  drain  lines  can  empty  into  them.  From  the  top  of  each 
receiving  tank,  a  vent  pipe  should  be  extended  to  the  street 
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curb  or  other  suitable  place  to  act  as  a  fresh-air  inlet  to  the 
system.  The  discharge  pipe  from  the  sump  should  run  in  a 
vertical  direction  as  high  as  is  necessary  to  obtain  a  gravity 
discharge  from  that  point  to  the  sewer.  This  allows  only 
the  water  in  the  vertical  line  to  drain  back  to  the  tank  when 
the  pump  stops,  should  there  be  no  check- valve  on  the  dis- 
charge pipe,  or  should  the  check-valve  be  out  of  order.  The 
vent  lines  from  the  subsewer  system  can  join  the  vent  lines 
of  the  house  drainage  system  that  discharge  directly  into 
the  street  sewer,  or  they  can  run  separately  to  and  through 
the  roof.  No  main  drain  trap  is  necessary  on  a  subsewer 
drainage  system,  as  the  sump  tank  takes  the  place  of  a  trap. 


INSTAIiliATION 


PUMPING    SYST£M 

77.  Fig.  65  shows  an  apparatus  for  pumping  sewage 
from  a  receiving,  or  sump,  tank  ^  to  a  sewer.  The  tank 
receives  the  discharge  from  the  entire  subsewer  drainage 
system  through  the  inlet  h]  a  fresh-air  inlet  pipe  c  from  the 
sump  tank  opens  to  the  atmosphere  near  the  curb.  A  suction 
pipe  d  from  the  bottom  of  the  receiving  tank  connects  to  the 
inlet  opening  of  the  centrifugal  pump  e.  The  discharge 
pipe  /connects  to  the  sewer.  Gate  valves ^,^ are  placed  on 
the  inlet  and  outlet  connections  to  the  tank  to  shut  off  the 
tank  or  pump  for  repairs.  An  electric  motor  h  is  direct- 
connected  to  the  pump  and  operates  it.  The  motor  is 
started  and  stopped  by  an  automatic  switch  /  that  is  opened 
or  closed  by  a  float  located  inside  the  tank,  as  at  /,  or  in  a 
separate  chamber.  When  the  pump  is  not  running,  the 
sewajrc  accumulates  in  the  tank  luitil  the  float  is  raised 
enough  to  throw  over  the  switch  and  start  the  motor.  The 
pump  removes  the  sewage  from  the  tank  quicker  than  it 
comes  in,  and  the  water-line  consequently  falls.  When  the 
water-line  is  near  the  bottom  of  the  tank,  the  float,  which 
falls  with  the  water-line,  throws  the  switch  back  again,  thus 
cutting  off  the  electric  current  to  the  motor  and  stopping  the 
pump.     The  tank  then  refills  and  the  operation  is  repeated. 
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78.  The  pump  and  motor  should  be  firmly  secured  to  a 
stone  base,  and  the  pipes  connecting  it  securely  fastened,  to 
prevent  vibration  when  the  pump  is  operating.  It  is  not 
necessary  to  screen  the  sewage  when  a  centrifugal  pump  is 
used,  because  anything  that  enters  the  inlet  opening  to  the 
pump  can  easily  be  discharged  to  the  sewer.  The  discharge 
of  sewage  from  the  tank  should  be  made  automatic  and  cer- 
tain, so  that  sewage  cannot  back  up  in  the  system  through 
neglect  of  the  one  in  charge  to  start  the  pump  at  the  proper 
time.  Although  only  one  pump  and  one  tank  are  shown,  it 
is  advisable  to  install  a  duplicate  arrangement  alongside, 
placing  a  gate  valve  on  the  inlet  pipe  to  each  tank,  so  that 
either  tank  can  be  used. 

The  use  of  pumps  for  sewage  ejectment  from  buildings  is 
not  much  favored  by  sanitary  engineers  at  present,  the  method 
of  removal  by  means  of  compressed  air  being  preferred. 
When  pumps  are  to  be  used,  however,  centrifugal  pumps 
should  be  selected.  

COMPRESSKI>-AIR    EJECTION 

79.  General  Considerations. — There  are  several 
designs  of  automatic  ejectors  for  removing  sewage  by 
means  of  compressed  air,  all  of  which- operate  on  the  same 
general  principle.  For  instance,  they  must  all  have  a  per- 
fectly air-tight  receiving,  or  sump,  tank,  which  should  be 
located  in  a  water-tight  chamber  built  of  iron  or  brick.  The 
sump  tank  must  be  located  at  such  a  level  that  all  drainage 
from  the  subsewer  system  will  flow  into  it  by  gravity.  The 
inlet  pipe  must  be  provided  with  a  check-valve  closing 
when  the  pressure  of  air  is  applied  to  the  tank  and  opening 
freely  by  the  flow  of  sewage  when  the  pressure  is  released. 
The  tank  must  have  a  vent  pipe  that  opens  auto- 
matically to  permit  the  escape  of  air  after  the  tank  has 
been  emptied  and  which  closes  automatically  when  the 
tank  is  full  and  the  compressed  air  is  applied.  There 
should  be  an  apparatus  to  automatically  open  an  air  valve 
and  admit  compressed  air  when  the  tank  is  full  and  to 
automatically  close  the  air  valve  when  the  tank  is  empty. 
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A  check-valve  should  be  in  the  discharge  pipe  from  the  tank 
to  keep  sewage  in  the  discharge  pipe  from  returning  to  the 
tank.  An  air  compressor  is  needed  to  provide  compressed 
air;  also,  a  tank  to  receive  ^nd  store  it,  and  an  air  pipe 
from  the  air  tank  to  the  automatic  valve  on  the  sump  tank. 
An  electric  or  water  motor  is  required  to  operate  the  air 
compressor  automatically  when  the  pressure  in  the  air  tank 
is  lowered.  The  ejectors  should  be  in  batteries  of  two, 
each  being  of  sufficient  size  to  discharge  all  the  sewage 
from  the  drainage  system.  The  motors,  air  compressors, 
and  air  tanks  should  be  located  in  the  engine  room  or 
other  convenient  place  where  they  are  open  to  inspection 
and  repairs  at  all  times. 

80.  Ellis  Sewasre  Jjltt. — A  device  that  is  commonly 
used  in  buildings  to  raise  sewage  and  discharge  it  to  the  street 
sewer  is  shown  in  Fig.  66y  which  illustrates  the  general  prin- 
ciples of  this  apparatus,  known  as  the  Prills  sewagre  lift. 

The  sewer  is  located  at  a;  the  plumbing  fixtures  drainage  in 
the  subbasement,  and  the  subsoil  water  has  to  be  removed  by 
an  ejector  or  lift.  The  main  house  drain  d  is  run  as  low  as 
the  sewer  will  allow,  and  it  takes  the  discharge  from  all  the 
fixtures  above  it,  and  also  the  roof  water.  The  subbasement 
main  drain  c  is  located  just  low  enough  to  take  the  discharge 
from  all  the  plumbing  fixtures  located  below  the  sewer  level. 
The  lower  end  of  c  discharges  into  the  bottom  of  a  cast-iron 
or  wrought-iron  receiver  d  through  a  check-valve  e.  A  dis- 
charge pipe  /  having  a  check-valve  .c  located  near  the  receiver 
delivers  the  contents  of  d  into  the  house  sewer  A,  the  con- 
nection being  made  on  the  sewer  side  of  the  main  drain  trap 
shown.  An  air  compressor  /  operated  by  an  electric  motor/ 
pumps  compressed  air  into  an  air  reservoir  k  through  the 
pipe  /.  An  automatic-switch  regulator  and  rheostat  are 
located  in  a  casing  ;;;.  A  pipe  connects  the  regulator 
with  the  air  receiver.  The  pressure  carried  in^is  preferably 
not  less  than  1  pound  for  each  foot  that  the  sewage  has  to  be 
raised.  Thus,  if  the  distance  A'  is  15  feet,  the  pressure  in  k 
must  be  not  less  than  15  pounds  per  square  inch,  indicated 
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by  the  gauge  shown  on  top  of  k.  The  apparatus  will  operate 
with  a  lower  pressure  in  k,  but  the  time  required  to  discharge 
the  contents  of  d  into  the  sewer  will  be  much  longer  and 
there  will  be  a  liability  of  the  discharges  from  the  toilet 
room  in  the  subbasement  filling  c  before  d  is  empty. 

81.  The  automatic  discharging  of  d  is  accomplished  by 
means  of  three  automatic  valves  «,  Oy  p.  The  valve  ;/  is  a 
hydraulic  valve  having  its  inlet  connected  to  the  water- 
supply  main  ^  by  a  i-inch  pipe,  and  its  outlet  connected  to 
the  balanced  valve  o  on  the  air-pressure  pipe  as  well  as  to  the 
balanced  valve  p  on  the  vent  pipe.  These  balanced  valves 
work  in  opposite  directions;  thus,  when  the  valve  «  is  open, 
water  under  street  pressure  opens  the  valve  o  and  closes  the 
valve  p.  This  allows  compressed  air  to  flow  freely  into  d, 
press  down  on  the  surface  of  the  sewage  that  has  accumu- 
lated therein  and  thus  force  it  up  through  /  to  the  sewer; 
the  vent  valve  p,  being  closed,  confines  the  compressed  air 
in  d.  As  soon  as  the  valve  n  is  closed,  water  pressure  is 
removed  from  the  balanced  valves  and  they  reverse  their  posi- 
tion, that  is,  the  valve  o  is  shut  and  p  is  opened.  This  action 
allows  the  compressed  air  confined  in  d  to  escape  through  the 
vent  pipe  r  to  the  vent  stack  s.  The  pressure  inside  d  then 
becomes  equal  to  that  of  the  atmosphere,  and  sewage  can 
flow  freely  from  c  to  d. 

82.  The  water  valve  n  is  operated  by  a  stem  passing 
through  the  top  of  the  receiver,  the  upper  end  of  the  stem 
being  attached  to  the  balance  lever  on  the  valve  stem  and 
the  part  inside  the  receiver  being  furnished  with  a  float  near 
the  top  and  a  submerged  bucket  at  the  bottom.  When  the 
sewage  has  risen  in  d  to  the  level  of  the  float,  the  stem  is 
raised  by  the  buoyancy  of  the  float  and  the  water  valve  7i 
is  opened,  allowing  the  air  pressure  to  force  the  sewage 
from  d.  The  water  valve  remains  open  as  the  tank  is 
emptied  until  the  water-line  falls  below  the  submerged 
bucket,  when  the  weight  of  this  bucket  moves  the  lever  of 
the  valve  n  and  shuts  off  the  water  from  the  balanced  valve. 
Thus,  it  will  be  seen  that  the  upper  float  opens  the  valve  « 
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and  the  submerged  bucket  closes  it.  The  subsoil  water  from 
the  foundation  drains  discharges  by  gravity  through  the 
pipes  /,  /  into  the  brick  sump  «,  filling  this  sump  outside  of 
the  receiver,  check-valves  being  placed  over  the  mouth 
of  the  pipes  /,  /  inside  the  sump  to  prevent  rats  from  enter- 
ing the  subsoil  drains.  Sump  water  flows  through  the  check- 
valve  V  into  the  receiver  as  soon  as  the  air  pressure  is 
removed  from  the  receiver,  because  the  water-line  in  the 
receiver  is  then  lower  than  the  water-line  in  the  sump. 
This  check-valve  automatically  closes,  however,  as  soon  as 
the  sewage  in  the  receiver  has  reached  the  level  of  the  water 
in  the  sump.  The  sump  should  be  covered  with  movable 
iron  plates  laid  flush  with  the  floor;  the  valves  n^o^p  are 
usually  located  under  these  plates  and  on  top  of  the  receiver. 

83.  The  advantage  in  having  the  subsoil  water  flow  into 
the  sump  lies  in  the  fact  that  should  the  check-valvc/  v  leak, 
the  water  in  the  sump  will  become  slightly  polluted  with 
sewage,  which  can  be  readily  detected  by  the  engineer.  If 
the  subsoil  drains  were  connected  directly  to  the  tank,  this 
check-valve  might  leak  sewage  back  into  the  subsoil  drains 
without  its  being  noticed,  and  thus  saturate  the  soil  under 
the  building  with  sewage  matter,  which  would  be  a  dan- 
gerous condition.  Should  the  check-valve  e  leak,  sewage 
matter  from  d  will  be  forced  back  to  c  and  overflow  the 
closets  in  the  subbasement  if  the  volume  of  leakage  is 
sufficiently  great  to  fill  these  lines  while  the  ejector  is  work- 
ing. Presumably  the  safest  attachment  that  can  be  used  is  a 
sliding  gate  valve  placed  close  to  the  check-valve  e  and 
another  one  close  to  z/,  both  of  these  gate  valves  being 
operated  by  a  rod  attached  to  a  plunger  that  is  moved  by 
water  pressure  from  n.  Thus,  when  sewage  is  being  ejected 
the  gate  valves  at  e  and  v  will  be  closed  but  will  open  auto- 
matically as  soon  as  the  pressure  in  d  is  relieved. 

84.  The  ventilation  of  the  house  drainage  system  in  the 
subbasement  is  accomplished  by  a  fresh-air  inlet  pipe  w  that 
connects  with  the  fresh-air  inlet  pipe  w'  for  the  plumbing 
system  on  the  floors  above.     The  back-vent  connects  to  the 
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fixtures  of  the  subbasement,  being  connected  to  the  vent 
stack  5,  as  shown.  In  this  way  thorouj^h  ventilation  of  the 
subbasement  plumbing  can  be  obtained. 

85.  Should  only  one  receiver  be  installed,  it  is  essential 
to  have  auxiliary  apparatus  that  will  discharge  the  sewage 
while  the  air-pressure  sewage  lift,  or  ejector,  previously 
described,  is  undergoing  repairs.  Otherwise  should  the  motor, 
compressor,  or  switch  require  to  be  shut  down,  the  ^ank  k 
would  lose  its  pressure  and  sewage  would  flood  d  and  the 
basement  fixtures  while  the  repairs  were  being  made  to  the 
machine.  To  prevent  this,  it  is  customary  to  attach  a  steam- 
jet  ejector  at  x  on  the  discharge  pipe  from  the  sump.  While 
repairs  are  going  on,  it  is  then  necessary  only  to  open  the 
gate  valve  on  the  ejector  steam  pipe,  allowing  the  steam  to 
flow  through  the  ejector  x.  This  will  lift  the  sewage  from 
the  tank  d  into  the  street  sewer,  but  will  raise  the  tempera- 
ture of  the  sewage  presumably  about  15  to  20  per  cent. 
When  the  sewage  has  been  sucked  out  by  the  steam  ejector, 
steam  will  automatically  be  shut  off  from  the  ejector.  The 
steam  ejector,  therefore,  works  intermittently  as  the  tank 
becomes  filled  with  sewage. 

86.  The  discharge  pipe  /  connects  to  the  sewer  side  of 
the  main  drain  trap  to  prevent  steam  accidentally  flowing 
through  /  entering  the  drainage  system,  which  would 
ruin  the  joints  in  the  system  throughout  the  building  if  it 
were  allowed  to  blow  up  through  the  soil  and  vent  stacks. 

When  two  or  more  receivers  are  employed,  the  check-valve 
on  one  should  be  weighted  heavier  than  the  other,  so  that 
the  receiver  with  the  weighted  check-valve  will  take  the 
surplus  sewage  that  backs  up  in  the  line  while  the  receiver 
with  the  light  check-valve  is  being  discharged. 

Should  an  air-pressure  sewage  lift  work  too  slowly  to 
take  the  drainage,  it  is  necessary  only  to  increase  the  pres- 
sure in  the  air  tank  k.  The  average  job  works  under  a 
pressure  of  about  30  to  40  pounds  in  k,  which  gives  a  rapid 
discharge  to  the  tank. 
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SOIL,  WASTE,  AND  VENT  STACKS 


INSTALLATION  AND  REGULATIONS 


CAST-IRON   STACKS 


GENERAL.    CONSTRUCTION 

1.     General    Directions. — Soil    and   vent   stacks    in 

frame  buildings  are  generally  made  of  cast  iron,  although 
wrought  iron  is  sometimes  used.  Soil  stacks  should  always 
be  accompanied  by  vent  stacks,  which  should  run  parallel 
with,  and  join  the  soil  stacks,  at  an  angle  of  45°,  below  the 
lowest  fixtures  that  discharge  into  them,  or  else  continue 
down  and  connect  to  the  house  drain  in  the  basement  in  such 
a  manner  as  to  prevent  the  accumulation  of  rust  scales. 
The  vent  stacks  should  extend  full  size  through  the  roof,  or 
may  connect  with  the  accompanying  soil  stack  above  the 
highest  fixtures  when  there  are  fixtures  on  less  than  six 
floors.  Soil  stacks  should  run  vertically  through  the  build- 
ing from  the  house  drain  in  the  basement  to  a  point  above 
the  highest  part  of  the  roof,  where  they  should  terminate  as 
far  away  from  windows,  flues,  or  other  ventilating  openings 
as  possible.  The  base  of  each  stack  should  connect  with  the 
house  drain  by  means  of  a  Y  branch,  and  should  be  well  sup- 
ported by  a  brick  pier,  or  pipe  rest  placed  under  the  house 
drain  where  the  soil  stack  intersects  it.  Where  the  house 
drain  is  not  directly  under  a  rising  stack  of  soil  pipe,  a  long 
radius  90®  bend  with  a  heel  rest  should  be  nsed  at  the  foot 
of  the  stack,  a  stone-capped  brick  pier  being  provided  on 
which  to  rest  the  heel  of  the  bend. 

Fvr  notk*  oi  copyright,  see  page  immediately  following  the  title  pagt 
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2.  Ijocatlon  of  Stacks. — Soil  and  vent  stacks  should 
either  be  exposed  to  sight,  or  located  behind  removable 
boards  or  panels  held  in  place  by  screws  or  hinges.  They 
should  never  be  built  into  the  walls,  where  they  would  be 
inaccessible,  but  should  be  left  open.  It  is  sometimes  neces- 
sary to  run  soil  and  vent  stacks  through  living  rooms,  where 
it  is  desired  to  conceal  them.  This  can  be  accomplished  by 
building  a  pipe  chase  in  the  wall,  if  of  brick,  or  by  running 
the  pipe  between  the  studding  in  frame  buildings  and  cover- 
ing the  opening  with  a  removable  board.  In  the  latter  case, 
the  partition  may  be  built  of  2''  X  6''  studding,  instead  of  the 
usual  2''  X  4''  studding,  in  order  to  admit  the  pipe  without 
forming  a  projection  on  the  face  of  the  wall. 

Covered  light  shafts  and  air-shafts  make  a  desirable  place 
in  which  to  locate  soil  and  vent  stacks,  as  drain  air  escaping 
from  leaks  will  be  carried  out  of  the  building  without  vitia- 
ting the  air  within,  assuming  that  the  covering  is  not  made 
air-tight.  Vertical  soil  and  vent  stacks  should  be  held  in 
place  by  means  of  pipe  hooks  or  clamp  supports,  which 
should  be  placed  at  intervals  of  10  feet  or  less,  according  to 
the  nature  of  the  work  and  the  sizes  of  the  pipes.  A  hook 
under  each  hub  is  preferable  and  should  always  be  used 
where  possible.  The  pipe  may  also  be  secured  against  the 
face  of  stone  walls  or  to  iron  beams  by  means  of  wrought- 
iron  bands. 

3.  I^ocatlon  of  Stack  Outlets. — Branch  soil-pipe  fit- 
tings for  bathroom  fixtures  should  be  located  sufficiently 
low  between  the  tloorbeams  to  permit  all  the  fixtures  resting 
on  the  floor  to  have  free  drainage  to  the  soil  stack.  When 
it  is  not  possible  to  locate  a  branch  fitting  between  the  floor- 
beams,  the  outlet  must  be  placed  either  above  the  floorbeams 
or  below  the  ceiling.  When  outlets  for  water  closets  are 
placed  above  the  floorbeams,  they  necessitate  the  stepping 
up  of  the  bathroom  floor,  or  running  the  pipe  on  the  top  of 
the  floor  back  of  the  closets,  connecting  the  closets  directly 
to  the  nearly  horizontal  branch.  When  below  the  ceiling,  the 
pipes  may  be  left  exposed,  or  covered  by  a  hanging  ceiling. 
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joint  on  the  lead  waste  pipe  where  it  passes  through  the 
oor,  as  shown  in  Fig.  2. 

5t  Branch  outlets  in  the  vent  stacks  should  be  located  at 
such  a  height  that  in  case  the  waste  pipes  become  choked, 
the  waste  water  cannot  pass  through  the  vent  pipe  into  the 
^stackp  without  at  least  partly  filling  the  fixture  and  thus  giving 
lot  ice  that  something  is  wrong.  It  also  prevents  an  over- 
low  by  the  discharge  of  water  from  the  floor  above.  This 
illustrated  in  Fig.  2.     The  kitchen  sink  W  is  connected  to 
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the  waste-  and  vent-pipe  stacks  B,  C.  The  waste  stack  is 
choked  at  the  point  /),  and  the  waste  water  from  the  sinks 
on  the  floors  above  rises  in  the  waste  branch  /f,  half  fills  the 
sink,  then  discharges  into  the  vent  stack  C  and  thence  into 
the  drain,  to  which  it  is  connected  at  its  base.  The  cause  of 
the  chokag^e  at  /)  is  presumably  oakum,  driven  into  the  pipe 
by  a  careless  workman,  which  accumulates  falling  solid  bodies 

until  the  pipe  is  entirely 
closed.  Tea  leaves  and 
coffee  refuse  make  the 
chokage  water-tight. 

6,  The  plumbing  rules 
and  regulations  of  many 
cities  call  for  the  back-vent 
connection  being  made  at 
a  point  on  the  stack  that  is 
higher  than  the  top  of  the 
fixture  that  it  ventilates. 
This  practice  is  excellent 
for  general  work,  such  as 
ordinary  building  and 
private-residence  work,  but 
it  is  frequently  objection- 
able in  tenement-house 
plumbing,  particularly  if 
the  buildings  are  tall,  be- 
cause there  is  a  liability  of 
flooding  the  lower  floors  of 
the  building  with  sewage 
from  the  ui)i>cr  floors  in  case  of  a  chokage  in  the  waste  stacks. 

7.  'I'Ik'  priiuMi)al  requirements  for  a  perfect  back-vent 
arran^aMiiLMit  arc::  I'irsi,  that  the  diameter  of  the  pipe  be 
sufliLicntly  larLTc  lo  allow  air  from  the  outer  atmosphere  to 
llow  into  ilu'  ciowii  of  the  trap  with  a  volume  great  enough 
to  R'i)lac;e  water  fallin^^  in  the  waste  pipe  without  percep- 
tibly (lecreasin^^  the  pressure  in  the  crown  of  the  trap.  If 
the  pipe    is    able   to   do  this,  it   will   be   sufficiently  large 
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^Bto  ventilate  the  branch  waste  pipe  thoroughly.     Second » that 

^nbe  pipe  at  all  times  remain  clear  and  unobstructed  between 

^Rhe  crown  of  the  trap  and  the  outer  atmosphere.     This  can 

^Pbe  accomplished  only  by  arranging  the  pipes  and  connec- 

^rtions  iti  such  a  manner  that  foreign  matter  will  always  be 

excluded*  and  water  of  condensation  or  ice  cannot  close  the 

pipe  at  any  point.     Third,  that  the  back- vent  branch  in  the 

vertical  vent  stack  be 


I 


placed  neither  too 
high  nor  too  low. 


W 


8*     Fig.   3   shows 
'a  wash  basin  of  the 
ordinary   type   con- 
nected   by    a    waste 
pipe  a  to  the  soil-pipe 
slack    ^.     The    vent 
pipe  c  connects  to  the 
tvent  stack  d  at  too  low 
point.     Part  of  the 
waste  pipe  is  broken 
to    show   a   chokage 
near  the  branch,  and 
Hbart  of  the  back-vent 
^Bipe   is   also   broken 
^Mway  at   the   branch 
^pin    the    stack    d    to 
^^bow  how  water  from 

the  basin  will  overflow  into  the  back- vent  d.     This  is  a  bad 

nnection,  because  when  the  waste  pipe  is  stopped  up  there 

nothing  to  indicate  it*     The  back-vent  stack  is  converted 

to  a  waste-pipe  stack,  and  will  sooner  or  later  also  become 

oked;  ventilation   to  other  fbt tares  in  the  same  building 

11  then  be  cut  oflf.     Care  should  be  taken  not  to  go  to  the 

ther  extreme,  shown  in  Fig.  4,  when  there  is  any  danger  of 

okage,  unless  the  plumbing  rules  compel  this  form  of  con- 

ection*     Where  there  are  no  fixtures  on  floors  abovci  and 

wb^re   the  stacks  drop  straight   to   the  house   drain,    this 
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manner  of  connecting  the  back-vent  c  to  the  vent  stack  d 
above  the  top  of  a  fixture  is  not  objectionable,  but  in  build- 
ings with  fixtures  on  many  floors »  if  the  soil  pipe  should 
become  choked  at  a  point  below  the  Y  branch  shown,  the 
waste  water  from  the  fixtures  on  the  floors  above  would 
collect  in  b  and  rise  np  and  overflow  the  sinki  as  shown* 
When  there  is  any  danger  of  floods,  such  as  that  previously 
described^  it  is  advisable  to  connect  the  back* vent  pipes  to 
the  vent  stacks  at  such  points  that  the  water  may  back  up  in 
the  fixtures  and  nearly  fill  them,  as  shown  in  Fig.  5,  before 

ff^  beginning^  to  overflow 
into  the  stacks.  Warn- 
in  u  is  thus  given  to  the 
inmates  that  something 
is  wrong. 
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9*  Spoclal  8oll 
and  Vent  Flttlni^rSi 
Special  fittings  that  save 
time  and  avoid  a  niulii- 
plicity  of  joints  and 
fittings  are  sometimes 
used  to  receive  the 
iixture  branches  and 
back -vent  them*  They 
occupy  less  wall  space 
than  back-vents  made 
up  of  ordinary  pipe  and 
fittings;  which  makes  them  especially  suitable  for  recesses 
or  places  where  there  is  but  Httle  space*  Fig.  6  shows  a 
stack  made  up  with  special  back-vent  fittings,  the  curves 
and  angles  of  which  are  easy,  and  are  in  the  natural 
direction  of  the  water  and  air-currents.  The  easy  angles  of 
the  fittings  prevent  them  from  choking  with  rust  scales  or 
other  solids.  The  outlets  a,  a  are  for  closet  branches  that 
are  vented  through  the  pipes  ^,  b  into  the  main  vent  stack  ^. 
The  outlets  d,  d  are  for  back-vents  to  other  fixtures  located 
near  the  stacks. 


Fig.  1 
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10.  Offsets. — Soil,  waste,  and  vent  stacks  should  be 
in  straight  and  vertical,  if  possible;  but  if  it  is  necessary 
make  an  offset  in  a  stack,  it  is  advisable  to  use  two 
■obtuse- angled  bends,  as  a,  a,  shown  in  Fig.  7.  Sharp 
right-angle  elbows,  as  ^,  d,  should  not  be  used  for  this 
purpose.  When  it  is  necessary  to  make  an  offset  so  large 
that   a    lotifif   run   of    pipe   between   eighth    bends   will   be 


Fig.  5 

objectionable,  special  Inng-sweep  quarter  bends  should  be 
used,  the  pipe  between  the  bends  having  a  pitch  of  at  least 
i  inch  lo  the  foot,. 

AH  the  branches  to  waste  pipes  and  connections  to  the 
main  drain  shonki  be  made  with  Y  branches,  as  shown  in 
Fig-  8,  instead  of  at  right  angles.  The  Y  branch  a  p^honld 
be  inclined  in  the  direction  of  ihe  ffow;  that  is,  downwards 
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toward  a  soil  pipe,  and  upwards  toward  a  vent  pipe.  By 
inserting  an  eighth  bend  b  into  the  Y  branch,  the  branch 
pipe  can  be  connected  to  a  vertical  stack  at 
right  angles  in  a  proper  manner. 


11.  Soil  Pipes  Throusrh  Roof. — All  soil 
pipes  should  extend  through  and  above  the 
roof,  thus  forming  foul-air  outlets  to  the 
drainage  system.  In  cold  climates,  the  diam- 
eter   of    the 


pipe  must  be 
increased  be- 
fore it  passes 
through  the 
roof,  because 
the  warm  va- 
por that  rises 
in  it  wnll  con- 
dense and  in 
cold  weather 
the  outdoor 
end  of  the 
pipe  will  then 
become  lined 
with  ice.  The 
formation  of  ice  will  con- 
tinue until  the  mouth  of 
the  pipe  may  be  choked. 
By  enlarging  the  pipe,  the 
time  required  to  choke  it  is 
greatly  prolonged.  Thus, 
a  4-inch  stack  should  be 
increased  to  6  inches  diam- 
eter at  the  roof,  as  shown 
in  Fig.  9.  The  hub  of  the  5-inch  piece  a  should  extend  above 
the  roof  to  the  extent  shown,  or  slightly  lower.  The  opening 
through  the  roof  should  be  made  water-tight  by  means  of  the 
flashing  b  of  sheet  lead.     This  should  be  extended  upwards 


Pio.7 
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Fig.  8 
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under  the  shingles  or  slates  c  and  be  securely  nailed  to  the 
roof  boards.  The  flashing  around  the  pipe  d  should  be 
flanged  downwards  into  the  hub,  so  that  when  the  joint  is 
calked  with  oakum  and  lead,  a  perfectly  water-tight  joint 
will  be  made  with  the  flashing.  Care  must  be  taken,  when 
dressing  the  sheet  lead 
into  the  socket,  or  when 
calking  the  joint,  not 
to  cut  the  sheet  lead 
against  the  sharp  edge 
of  the  socket. 


12.  In  case  a  soil 
or  vent  stack  is  con- 
tinued up  through  a 
tinned  roof,  the  outer 
edge  of  the  flange 
should  be  securely 
soldered  to  the  metal 
roofing,  the  lead  being 
folded  into  and  calked 
in  the  socket.  On  tar  h 
or  plastic-slate  roofs,  ^ 
the  flange  should  be 
put  on  and  securely 
nailed  to  the  roof  boards 


Fig.  9 


It  can  then  be  covered  with  the 
plastic  roofing  material  by  the  men  that  lay  such  roofs.  Where 
roofs  are  shingled,  the  flashing  should  be  extended  upwards 
under  at  least  two  courses  of  shingles  and  the  lower  exposed 
edge  of  the  flashing  secured  to  the  shingles  by  short  nails 
with  large  heads.  Where  a  wrought-iron  pipe  passes  through 
a  roof,  it  can  be  made  tight  by  the  flashing  shown  in  Fig.  10. 
This  flashing  consists  of  a  sheet-metal  flange  a  soldered  to  a 
tight-fitting  collar  h.  The  top  of  the  metal  collar  extends 
into  a  recess  in  the  coupling  c  that  is  screwed  to  the 
wrought-iron  stack  d\  this  prevents  water  flowing  down 
the  wrought-iron  pipe  from  flowing  inside  the  sheet-metal 
collar  and  thus  leaking  into  the  building.     If  the  pipe  is  to 
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be  extended  some  distance  above  the  roof,  it  can  be  length- 
ened by  screwing  a  piece  of  pipe  e  into  the  top  threads  of 
the  coupling.  If  the  roof  is  not  finished  when  the  plumber 
has  run  his  stacks  up  to  the  roof  level,  the  pipe  can  be 
extended  through  the  roof  boards  and  the  flashing  slipped 
over  the  pipe  into  place  later.  If  the  roofing  material  is 
all  on,  however,   the  flashing  should  first  be  set  in  place 

and  the  pipe  slipped 
through  it  from  above 
or  below  and  screwed 
into  the  fitting. 

13.  An  easy  way 
to  flash  cast-iron 
pipe  when  it  passes 
through  a  quarter- 
pitch  roof  is  shown 
in  Fig.  11.  Into  the 
end  of  the  soil  stack  a 
is  calked  an  eighth 
bend  b  so  that  the 
face  of  the  hub  will 
project  slightly 
through  the  opening 
cut  in  the  roof  c. 
Sheet  lead  should 
then  be  slipped  under 
two  courses  of  shingles  at  the  upper  side  of  the  pipe  and  the 
lead  around  the  opening  for  the  pipe  turned  over  into  the 
hub  of  the  bend.  A  short  piece  of  pipe  d  calked  into  an 
eighth  bend  e  should  then  be  calked  in  the  hub  of  the  bend  b 
in  such  a  manner  as  to  turn  the  stack  to  a  vertical  position. 
This  also  makes  a  water-tight  joint  around  the  pipe.  The 
sheet-lead  flanjje,  where  exposed,  should  then  be  tacked 
to  the  shingles  to  prevent  its  being  lifted  at  the  comers 
by  the  wind. 

14.     Outlets  Above  Hoof. — All  vent  outlets  above  the 
roof  of  buildings  should  extend  above  the  highest  part,  well 
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^bwpy  from  windows,  flues,  or  other  openings.  They  should 
^Hprlree  trom  caps,  cowls,  or  other  obsstnictions,  and  should 
^we  enlarged  one  size  at  a  point  not  less  than  1  foot  below 
^^the  roof  by  a  long  increaser*     When  stacks  are  less  than 

4  inches  in  diameter,  they  should  be  increased  to  4  inches. 

If  a  cowl  or  vent  cap  of  the  ordinary  pattern  is  attached  to 
'the  top  of  the  vent  pipe,  as  shown  at  a,  Figf-  12,  ice  will  soon 

be  formed  within  the 

cold^  exposed  pipe, 

as  at  i,  of  sufficient 

thickness    to    close 

the  airway  entirely,  as' 

■ihown  at  f .  The  air 
passage  through  this 
form  of  a  cowl,  as  it 
is  at  present  placed 
on  the  market,  is 
ilio^ether  too  small, 
only  about  i  or 
|''ihich  wide,  and  it 
loon  becomes  so 
^choked  with  ice  as 
almost  entirely,  if  not 

^■Qtiite,  to  stop  ventila* 

^tion.  Whether  the 
pi|>e  is  fitted  with  a 
vent    cowl    or    not, 

there  will  be  more  or  less  danger  of  chokage  by  frost,  but 
the  danger  is  greatest  when  cowls  are  used. 

In  exceedingly  cold  parts  of  the  country,  it  is  best  to 
avoid  caps  or  cowts  if  possible,  and  use  only  the  straight 
pipe  a  with  an  open  top,  as  shown  in  Fig.  13,  and  it  is  well, 
even  then,  to  protect  the  exposed  pipe  with  some  non- 
conductingr  material  ^,  such  as  mineral  wool  or  hair  felt, 
protected  against  rain,  snow,  and  wind  by  an  impervious 
covering  that  is  shown  flanged  on  to  the  flat  roof,  and 
soldered  down,  its  top  being  doubled  over  the  hubs  and 
secured  water-tight  by  lead  and  oakum  calking, 
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15.     Extension    of    Soil    and     Vexit     Stacks,— Some^ 

plunibing  reg^iilations  require  that  all  soil,  waste,  and  vent 
stacks  opening  above  the  roof  be  extended  above  the^ 
highest  part  of  the  building.  This  is  to  prevent  sewer  gas  ™ 
from  entering  the  living  rooms  through  crevices,  between 
shingles  or  other  openings  of  the  roof,  and  vitiating  the  air 
within  the  building.  Fig,  14  shows  how  this  would  occur* 
Wind  is  blowing  against  the  house  in  the  direction  of  the 

arrows.  To  shut  out 
the  wind,  and  at  the  ^ 
same  time  have  fresh M 
air  within  the  rooms,  all 
windows  to  the  wind- 
ward of  the  house  are 
closed  while  those  on 
the  sheltered  side  are 
open.  Wind  blowing 
with  great  force  over  the 
tup  of  the  soil  stack  a 
'l^ifr^j^  would  carry  sewer  gas, 

escaping  from  the 
mouth  of  the  stacks 
against  the  roof  with 
such  force  that  it  would 
be  driven  through  the 
crevices  and  into  the 
attic  b,  as  shown  by 
the  arrows.  The  diluted 
sewer  air  in  the  attic 
may  pass  through  cracks  in  the  ceiling  c  into  the  bed- 
room d,  and  finally  pass  out  through  the  open  windows  at 
the  sheltered  side  of  the  house.  If  the  attic  has  an  opeiifl 
stair  leading  to  it,  the  discharge  from  the  stack  may  vitiate 
the  air  in  the  entire  building.  To  prevent  this,  the 
stack  should  be  carried  up  inside  the  building  to  nealfl 
the  ridge,  where  it  should  be  carried  through,  as  shown 
by  the  dotted  lines  in  the  illustration*  Wind  blowing 
across  the  mouth  of  the  pipe  would  then  carry  all  sewer 
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there  is  dan^^er  of  the  foul  air  entering  the  higher  building* 
To  avoid  ihis^  the  vent  pipe  should  be  run  up  to  and  above  the 
roof  of  the  highest  building.  Thus,  in  Fig*  1-5  are  shown  a 
number  of  vent  stacks  terminating  at  different  points  above 
the  flat  roofs  of  two  tenement  buildings.  The  vent  pipe  a 
is  entirely  too  near  the  windows  ^»  ^  in  the  gable  end  of  the 
tall  building,  and  drain  air  will  certainly  enter  the  building 
through  these  windows.     This  pipe  should  be  run  straight 


^i' 
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up  to  and  above  the  tall  building,  in  a  manner  similar  to  the 
pipe  c;  ur,  better  siiU,  should  be  run  above  the  chimney,  as 
shown  by  the  dotted  lines.  It  is  evident  that  the  two  vent 
pipes  d  and  e  cannot  well  be  extended  as  high  as  the  adjacent 
buildings  without  being  out  of  all  proportion.  They  are  at 
such  a  distance  from  the  gable  windtjws»  at  least  W  feet,  that 
the  gases  discharged  from  them  will  be  greatly  diluted  with 
the  surrounding  air  before   they  can   reach  the  windows. 
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Still,  it  is  better  to  run  these  pipes  as  high  as  circumstances 
will  permit,  because  the  natural  flow  of  the  foul-air  currents 
being  upwards,  the  foul  air  will  thus  be  prevented  from  con- 
taminating the  air  about  the  breathing  line,  that  is,  about 
4  or  5  feet  above  the  roof,  unless  it  is  forced  downwards  by 
the  wind.  If  the  vent  at  a  or  ^  is  only  2  or  3  feet  high,  the 
gases  are  delivered  below  the  breathing  line,  and  any  person 
near  the  vent  may  inhale  poisonous  gases.  The  paths* 
that  the  gases  are  taking,  that  is,  the  direction  in  which  they 
are  wafted  by  the  wind,  are  shown  in  the  figure.  Although 
they  are  shown  like  smoke  issuing  from  the  vent  outlets, 
they  are  intended  to  represent  the  invisible  drain  gases. 
It  will  be  seen  that  the  woman  to  the  left,  who  is  hanging 
up  clothes  on  the  clothes  line,  is  completely  engulfed  by  the 
foul  air  escaping  from  the  vent  pipe  e,  while  the  woman  to 
the  right  is  not  affected  by  the  drain  gases. 

17.  Plumbing  ordinances,  or  the  rules  and  regulations 
that  usually  govern  plumbers  and  plumbing  in  all  cities  and 
towns  of  any  modern  pretensions,  generally  specify  the 
minimum  distance  from  the  windows  at  which  the  vent  out- 
lets may  be  placed.  The  minimum  distance  allowed  varies, 
of  course,  with  the  opinions  of  the  experts  that  formulate  the 
regulations,  but  15  feet  is  usually  accepted  as  a  safe  minimum 
standard.  The  plumber  should  always  use  his  best  judg- 
ment in  selecting  suitable  points  of  discharge  for  drain  air. 
He  should  never  bind  himself  to  the  minimum  distance 
when  he  can  reasonably  obtain  safer  points  of  discharge  at  a 
greater  distance. 

18.  Soil  or  waste  pipes  should  never  be  ventilated  into 
sheet-metal,  brick,  or  other  flues.  If  a  warm  flue  is  con- 
venient, the  vent  stack  may  be  run  outside  but  close  to  the 
flue,  so  that  the  heat  of  the  chimney  will  help  create  a  draft. 
When  soil  or  waste  stacks  are  ventilated  into  flues,  there  is 
always  the  possibility  of  drain  air  finding  its  way  into  the 
house  through  some  of  the  openings  to  the  flue. 

19.  Pipe  Chases. — Recesses  in  walls  to  receive  pipes, 
called  pipe  chases,  are  left  in  new  work  by  the  builders  for 


16  SOIL,  WASTE,  AND  VENT  STACKS  §46 

the  plumber's  use.  In  overhauling  old  plumbing,  or  while 
installing  plumbing  in  old  buildings,  the  plumber  frequently 
has  to  cut  pipe  chases,  but  it  is  advisable  to  avoid  the  use  of 
chases  because  they  weaken  the  walls.  The  object  of  a  pipe 
chase  is  to  get  the  pipes  inside  the  walls  so  that  they  may 
be  concealed  without  having  unsightly  boxings  projecting 
into  the  rooms,  as  is  the  case  when  the  pipes  run  on  the  face 
of  a  wall"  and  are  boxed  in.  Horizontal  or  diagonal  chases 
should  never  be  cut  in  a  brick  or  stone  wall,  because  they 
weaken  it  too  much.  Vertical  chases  do  not  weaken  walls 
seriously  if  they  are  built  in  while  the  walls  are  being  laid. 
Even  then  they  should  be  built  only  on  the  order  of  the 
architect,  because  he  is  responsible  for  the  strength  of  the 
walls.  The  plumber  should  always  receive  the  architect's  per- 
mission before  he  cuts  chases  in  walls;  otherwise,  he  may 
injure  the  building  seriously  and  become  liable  for  damages. 
On  new  work,  the  chases  for  plumbing  are  shown  on  the 
architect's  plans  and  constitute  part  of  the  mason's  contract. 


ROUGIIINti-IN 

20.  Koii^hiii^-Iii   Cast-iron    Stacks. — The  work   of 

installing  such  pipes  as  must  be  erected  in  the  building 
while  the  building  is  in  a  rough  state,  before  the  floors  and 
other  tinishing  is  done,  is  called  rou^hln^-ln.  Generally, 
the  rou^^hiiig  includes  the  complete  drains  and  stacks,  and 
the  fixture  branches  to  the  floor  level,  or  face  of  the  wall. 
Tlic  fixture  connections  that  arc  exposed  to  view  are  made 
when  the  fixtures  are  set,  that  is,  after  the  floors  and  walls 
are  finished  and  ready  for  the  painter. 

21.  Fig.  It)  (u)  shows  in  perspective  the  stacks  and 
branches  of  a  drainage  system  within  a  building.  The  rough- 
ing-in  is  shown  in  full  lines;  the  fixture  traps  and  connections 
that  are  installed  when  the  fixtures  are  set,  and  that  come 
under  the  name  of  riiiishlntr,  are  also  shown,  to  make  the 
illustration  clear.  The  system  consists  of  the  house  drain  a, 
the  rising  stacks  of  soil  and  vent  pipes  ^,r,  and  the  lead 
roughing   tor  the  various   fixture  branches  on  the  several 
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floors.  The  arrangements  of  the  fixtures  for  the  several 
floors  are  shown  by  the  phins  given  in  Fig.  16  (d),  (^), 
(d),  and  (e).  In  the  basement  are  located  three  laundry 
tubs  (i,  d,  d  and  a  drip  sink  e  which  are  connected  by  a  brass 
waste  into  the  base  of  the  vent  stack  c.  The  first  floor  con- 
tains a  kitchen  sink  /,  which  is  joined  to  the  soil  and  vent 
stacks  by  a  la-inch  waste  pipe  .^,  a  vent  pipe  A,  and  the 
S  trap  /.  The  second  floor  is  roughed  in  for  a  water  closet, 
bathtub,  and  wash  basin.  The  waste  pipes  /,  k  from  the 
basin  and  bathtub  are  joined  to  the  lead  closet  bend  /.  The 
back- vent  /  from  the  basin  trap  j"  is  carried  to  the  vent 
stack,  around  the  side  walls.  The  studding  is  notched  t6 
receive  the  pipe,  which  is  supported  on  wooden  shelves,  as 
shown.  It  has  a  slight  fall  toward  the  basin  trap  to  keep  it 
free  from  moisture  due  to  condensation  or  overflows,  should 
the  waste  pipe  become  choked.  The  waste  pipe  is  also  sup- 
ported on  shelves  where  it  passes  between  the  floorbeams. 
The  back-vent  k!  from  the  bathtub  trap  joins  the  vent  from 
the  basin  trap,  a  separate  branch  fitting  I'  being  provided  in 
the  vent  stack  for  the  back  vent  l"  from  the  closet  bend. 
The  fixtures  on  the  third  floor  consists  of  a  water  closet, 
basin,  and  bathtub,  which  are  so  arranged  that  there  are  no 
long  horizontal  runs  of  either  waste  or  vent  pipe  from  any 
of  the  fixtures  to  the  stacks.  The  waste  ;;/  from  the  tub  and 
the  waste  n  from  the  basin  intersect  the  closet  bend  o,  but  on 
different  sides,  and  at  an  angle  in  the  direction  of  the  stacks. 
The  basin  trap  n!  is  back- vented  into  the  soil  stack,  in  which 
a  branch  fitting  has  been  placed  to  receive  it.  This  connec- 
tion is  proper,  as  there  are  no  fixtures  above  tlie  basin  to 
discharge  into  the  soil  stack.  The  vent  o'  from  the  closet 
bend  and  the  vent  vi'  from  the  bath  trap  connect  to  the  vent 
stack  by  means  of  separate  fittings.  The  vent  stack  c  joins 
the  soil  stack  b  well  above  the  highest  fixture,  just  beneath 
the  roof  beams,  where  the  soil  stack  is  increased  one  size 
before  passing  through  the  roof.  The  house  drain  is  sup- 
ported in  the  basement,  where  the  soil  and  vent  stacks 
intersect,  by  means  of  brick  piers  built  <mi  a  solid  foundation. 
These  support  the  stacks,  but  wall  hooks  or  bands  must  be 


18 


SOIL.  WASTE,  AND  VENT  STACKS 


§45 


used  throughout  the  entire  height  of  each  stack  to  keep 
them  from  moving  sidewise. 

22.  Jjead  Roughing. — In  laying  out  lead  work  for  bath- 
rooms, the  work  should  be  divided  into  sections  that  can  be 
conveniently  handled  and  easily  placed  in  position  without 
bending  or  twisting  any  of  the  branches.  A  little  fore- 
thought will  enable  the  plumber  to  divide  the  sections  so 
that  only  a  few  joints  will  have  to  be  wiped  in  place,  and 


y^ 
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Fig.  17 

those  in  comparatively  easy  positions,  the  other  joints  being 
all  wiped  at  the  bench. 

Fig.  17  shows  how  the  lead  rout^hing  for  the  bathroom  on 
the  second  lloor  of  the  plan  shown  in  Fig.  16  should  be  laid 
out  and  put  together  in  sections.  The  section  shown  in 
Fig.  17  (a)  is  made  up  by  beginning  with  the  lead  closet 
bend  a,  which  is  wiped  to  the  brass  ferrule  b.  The  waste  c 
from  the  bathtub  trap  d  joins  the  side  of  the  bend  at  a  slight 
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angle.  The  waste  pipe  e  from  the  basin  intersects  the  bath 
waste  between  the  bath  trap  and  the  closet  bend,  and  extends 
above  the  floor  where  the  basin  is  to  be  located.  The  open- 
ing /  in  the  top  of  the  closet  bend  is  for  the  back-vent  from 
the  closet.  This  section  should  be  prepared  and  made  up  at 
the  bench  and  then  set  in  place  to  fit  the  other  sections.  The 
second  section  to  be  made  is  showTi  in  Fig.  17  (b).  It  con- 
sists of  a  horizontal  vent  section  g  from  the  basin,  with  a 
ferrule  //  wiped  on  the  end,  to  calk  into  the  branch  of  a 
T  fitting  provided  for  it  in  the  vent  stack.  A  back-vent  / 
from  the  bath  trap  is  branched  into  the  basin  vent  near  the 
ferrule.  The  back-vent  pipe  for  the  bath  trap  d  will  be  con- 
nected to  the  opening  j.  This  section  should  be  made  up 
at  the  bench,  then  set  in  place,  and  the  prepared  end  of 
the  back-vent  i  is  next  wiped  to  the  crown  of  the  bath  trap. 
The  end  k.  Fig.  17  (^),  of  the  basin  vent  is  long  enough  to 
project  from  the  wall  a  few  inches,  so  that  it  may  be  flanged 
over  and  wiped  to  the  nickel-plated  back-vent  of  the  basin 
trap  when  the  finishing  is  done.  The  last  section  of  the  lead 
roughing  to  be  put  in,  shown  in  P'ig.  17  (r),  consists  of  a 
2-inch  back-vent  /  for  the  closet  bend,  to  which  is  wiped  a 
2-inch  brass  ferrule  m.  The  section  is  then  set  in  place  and 
the  cleaned  end  wiped  to  the  closet  bend  at  /,  Fig.  17  [a). 
When  the  several  sections  are  all  in  place  and  joined  together, 
the  ferrules  should  be  calked  into  the  hubs  of  their  respective 
fittings,  and  the  ends  of  all  lead  bends,  pipes,  or  traps  closed 
and  soldered  water-tight  for  the  water  test.  Where  lead, 
waste,  or  vent  lines  pass  between  beams,  they  should  be 
supported  on  wooden  shelves  to  prevent  them  from  sagging. 

23.  Rou^lilnji:  for  Batteries  of  Closets. — In  office 
buildings,  factories,  and  other  buildings  of  a  public  nature, 
toilet  rooms  are  generally  provided  on  each  of  the  several 
floors.  They  are  usually  located  one  above  another,  so  that 
one  line  of  soil  pipe  will  take  the  discharge  from  the  fixtures 
from  all  the  floors,  as  shown  in  Fig.  18,  which  is  an  elevation 
of  a  plumbing  system  in  an  office  building  connected  to  a 
street  sewer  that  is  so  small  that  in  case  of  excessive  storms 
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it  sometimes  overflows.  To  prevent  the  basement  of  the 
building  from  being  flooded  by  storm  water  backing  up  from 
the  sewer  and  overflowing  the  basement  fixtures,  a  back- 
water valve  a  is  provided  on  a  branch  b  of  the  drainage 
system.  All  fixtures  located  at  a  lower  level  than  the  sur- 
face of  the  street  are  connected  to  this  branch  on  the  house 
side  of  the  check-valve.  The  branch  inlets  to  the  main 
stack  c  are  located  at  so  high  a  level  that  water  from  the 
sewer  would  overflow  the  manholes  in  the  street  before 
reaching  the  inlets  to  the  stacks.  Therefore,  no  check-valve 
or  back-water  valve  is  placed  in  the  main  drain  d,  to  which 
all  rising  stacks  connect.  The  fixtures  on  all  floors  above 
the  basement  can  therefore  be  used  during  heavy  storms,  as 
the  head  of  water  in  the  stacks  when  it  exceeds  that  in  the 
sewer  will  discharge  from  the  drainage  system  against  the 
pressure  in  the  sewer. 

In  the  system  of  drainage  shown,  the  soil  stack  is  located 
at  one  side  of  the  room  and  the  vent  stack  e  at  the  opposite 
side*  The  horizontal  closet  connections  /,  /  cross  the  rooms 
near  the  ceilings,  outlets  being  left  at  suitable  intervals  for 
the  closets  that  are  located  on  the  floors  above.  The 
pipes  /,  /  turn  to  a  vertical  direction  near  the  vent  stack 
along  which  they  run  and  into  which  they  are  connected 
about  4  feet  above  their  respective  floors.  This  provides 
ventilation  to  the  ranges  of  closet  bends  that  are  not  other- 
wise ventilated.  The  closets  on  the  first  floor  discharge  into 
the  branch  g  that  is  connected  to  the  base  of  the  vent  stack, 
in  order  to  wash  out  any  rust  scales  or  other  solids  that 
might  otherwise  lodge  there.  The  fixtures  are  similarly 
arranged  on  the  several  floors,  as  is  shown  by  the  elevation, 
so  that  the  work  in  the  several  stories  is  merely  a  duplicate 
of  one  another. 
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WROUGIIT-IKON    STACKS 


SUPPORTS    AND    CONNECTIONS 

24.  Supports  antl  Protection.  — When  originally 
designed,  the  wrought-iron  drainage  system,  then  known 
as  the  Durham  system,  was  intended  to  be  self-support- 
ing, that  is,  supported  at  the  base  only.  Suitable  rests 
were  provided  at  the  foot  of  all  rising  stacks  of  soil  and 
waste  pipes  and  under  the  house  drain,  but  no  provision  was 
made  for  securing  the  vertical  stacks  to  keep  them  from 
swaying  and  vibrating.  This  practice,  however,  should  not 
be  followed.  It  is  almost  as  necessary  to  support  and 
steady  wrought-iron  pipe  as  cast-iron  pipe;  otherwise,  the 
vibration  of  the  stacks  will  sooner  or  later  spring  some  of 
the  joints  and  cause  them  to  leak.  Suitable  iron  clamps  or 
hangers  should  be  provided  at  each  floor  and  should  be 
secured  to  the  iron  beams  or  brick  walls   where  possible. 

Wrought-iron  drainage  pipe,  when  placed  in  cellars,  should 
receive  a  protective  coating  of  tar,  asphaltum,  or  pure  red-lead 
paint,  to  guard  against  the  corrosive  action  of  the  moisture 
that  will  at  times  condense  on  the  pipes.  This  is  particu- 
larly so  where  the  threads  are  exposed,  as  they  present  a 
surface  that  is  more  easily  corroded  through  than  the  regu- 
lar surface  of  the  pipe. 

25.  Connections  at  Base. — Where  wrought-iron  stacks 
connect  to  cast-iron  drains  located  beneath  the  basement  or 
cellar  floor,  great  care  should  be  exercised  to  make  a  per- 
manent connection.  The  usual  method  is  to  calk  the  end 
of  the  vertical  wrought-iron  stack  into  the  hub  of  a  cast-iron 
pipe  or  fitting,  or,  by  means  of  a  recessed  90°  bend,  turn 
the  vertical  stack  to  a  horizontal  position  below  the  floor, 
and  connect  it  to  the  cast-iron  house  drain  by  means  of  a 
piece  of  wrought-iron  pipe  calked  into  the  hub  of  a  Y  fitting. 
When  connections  are  made  between  wrought-iron  and  cast- 
iron  pipe  in  the  latter  manner,  the  connecting  section  under 
the   floor  should  be  made  of  brass  pipe  of  iron-pipe   size 
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screwed  to  the  recess  drainage  bend  at    the  base   of   the 

stack.      The  other  end  *?h^nM  N»  tbrAQfle^^ 

and  calked  into  the  cast-iron  pipe  hub*     If 

wrought  iron  is  used  underground,  it  will 

soon  corrode  and  leak.     A  better  way  is  to 

screw  the  vertical  stack  into  a  threaded 

cast-iron    soil-pipe    fitting,    as    shown    in 

Fig.  19,  and  after  the 

line  is  firmly  screwed 

in  place,  calk  the  joint 

with  lead,  as  shown 

at  a.    This  will  insure 

a  tight  joint,  in  which 

the  lead  calking  can- 
not  be   loosened   by 

ordinary  usage.    The 

threads   prevent   the 

vertical  stack  work- 
ing loose  from  the  fit- 
ting.   If  the  wrought- 

iron  stack  is  simply 

calked  to  a  cast-iron  bend,  as  shown  in  Fig.  20,  the  lead  ring 

will  invariably  work 
loose,  and  the  joint 
will  leak  drain  air 
into  the   building, 


Fig.  19 


ilV*M'iUii^fi'J*t^^  even  though  no  water 
hM^mxMi^^A^  leaks  from  the  joint. 

26.    LiOiiK-Scrow 
Coniieetloiis. — It  is 

sometimes  necessary 
to  replace  a  section  of 
wrought-iron  pipe 
that  has  been  re- 
moved on  account  of  a 
defective  fitting,  or  to 
insert  a  branch  fitting  in  the  line.     Under  such  circumstances. 
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and  also  when  the  rising  stacks  of  soil,  waste,  and  vent  pipes 
are  installed  before  the  house  drain  is  run,  it  becomes  neces- 
sary to  make  final  connections  by  means  of  long  screw  threads, 
sometimes  called  riinniu^  threads.  Flanged  unions  are 
rarely  employed  to  make  the  final  connections,  chiefly  because 
they  require  gaskets  to  make  them  tight.  A  right-and-left 
coupling  may  be  used  where  the  pipes  will  spring,  but  where 
there  is  no  spring  to  the  parts,  special 
long-thread  final  connections  should 
be  made. 

Fig.  21  shows  a  special  combination 
sleeve  to  be  both  screwed  and  calked 
to  the  pipe.  A  coupling  a  with  a 
hub  b  for  calking  is  screwed  on  a 
running,  or  long,  thread  on  the  stack  c 
until  the  ends  of  the  pipe  and  coupling 
are  even.  The  pipe  df,  which  may  be 
a  nipple,  should  be  cut  long  enough 
to  just  slip  in  between  the  two  sec- 
tions of  pipe  to  be  joined.  When  the 
lower  thread  on  the  pipe  d  is  made 
up,  a  space  e  will  exist  between  the 
ends  that  have  to  be  joined  in 
the  final  connection.  By  unscrewing 
the  coupling  a  from  the  pipe  r,  it  will 
make  up  on  the  thread  of  the  pipe  d 
until  that  joint  is  tight.  The  coupling 
will  then  occupy  the  position  shown 
in  the  illustration.  By  unscrewing  the  coupling  from  the 
pipe  r,  however,  it  leaves  a  slightly  loose  thread  that  would 
leak  drain  air.  Therefore,  to  make  a  positively  gas-tight 
connection,  the  hub  b  is  calked  with  lead,  as  shown.  This 
makes  a  strong  long:-scrcw  connection  that  does  not  depend 
on  a  gasket  for  its  tightness,  as  does  the  ordinary  long-screw 
and  locknut  connection. 
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OFFSETS    AND    BRANCHES 

27.  Offsets. — In  laying  out  Durham  work,  it  should  be 
arranged  so  as  to  avoid  offsets  in  the  vertical  stacks.  When 
unavoidable,  however,  they  should  be  made  with  45°  fittings. 
Cast  offsets  or  90°  bends  should  not  be  used,  because  rust 
scales  or  other  foreign  substances  lodge  therein  and  tend  to 
obstruct  them. 

28.  I>iirha]ii  System  Branches. — In  the  regular  Dur- 
ham system,  the  branches  to  the  fixtures  are  made  entirely 
of  wrought  iron  with  flush  fittings;  there  are  no  lead  con- 
nections between  the  iron  pipes  and  fixtures.  This  makes 
the  Durham  system  a  strictly  wrought-iron  pipe  drainage 
system.  The  closets  are  bolted  to  floor  flanges  that  are 
screwed  to  the  iron  waste  pipes.  All  the  exposed  and 
usually  nickel-plated  traps  of  basins,  sinks,  wash  tubs,  etc. 
are  connected  to  the  iron  pipe  at  the  surface  of  the  floor  or 
wall  by  short  pieces  of  nickel-plated  brass  pipe  of  iron-pipe 
size.  There  is  no  lead  pipe  on  a  real  Durham  system.  It 
has  been  found,  however,  that  while  iron-pipe  branches  can 
be  run  in  many  cases  and  work  satisfactorily,  there  are  many 
places  where  it  would  be  unwise  to  install  them  because 
of  their  rigidity,  which  has  frequently  been  the  means 
of  breaking  porcelain  fixtures.  For  instance,  a  battery  of 
porcelain  pedestal  wash-down  water  closets  with  back  out- 
lets are  bolted  up  tightly  to  a  Durham  branch  running  above 
the  floor  at  the  rear  of  the  closets.  The  stack  settles  or 
contracts  a  little;  then,  each  closet  affected  by  the  drop  of 
the  branch  will  be  broken  at  the  horn,  because  the  closets 
cannot  drop  to  accommodate  the  change  in  position  of  the 
branch.  In  like  manner,  should  the  building  settle  more 
than  the  stack,  or  should  the  stack  expand  an  undue  amount 
by  hot  water  falling  in  it,  the  branches  would  be  raised  and 
the  fixtures  will  either  be  raised  or  broken  off.  For  these 
reasons,  it  is  customary  to  make  the  short  branches  of  lead. 
If  a  branch  is  more  than  5  feet  long  and  without  many 
changes  in  direction,  iron  pipe  is  generally  carried  to  a  point 
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suitable  for  a  short  lead-pipe  connection  to  the  fixture.  The 
reason  why  lead  waste-pipe  connections  are  generally  used 
is  because  the  lead  can  be  bent  to  suit  any  position  and 
forms  a  flexible  connection  that  will  not  break  the  fixture  if 
the  pipes  or  buildinj]^  should  settle.  The  branch  pipe  should 
have  a  good  fall  toward  the  stack  to  secure  a  rapid  flow  of 
water.  The  Y  branch  of  the  stack  should  be  located  as  low 
down  as  practicable,  and  the  waste  pipe  may  be  run  between 
the  fioorbeams. 

29.  The  waste  pipes  from  baths  and  basins  in  a  Durham 
job  should  be  directly  connected  to  the  soil-pipe  stacks, 
where  possible,  by  the  use  of  special  fittings  that  are  on  the 
market.  They  should  not  be  connected  to  the  heels  of  the 
water-closet  bends.  Waste  pipes  of  lead  should  not  be 
wiped  or  connected  at  right  angles  but  always  at  an  angle 
that  will  favor  the  passage  of  water  toward  the  outlets,  so 
that  the  water  that  is  being  discharged  from  one  waste  pipe 
cannot  back  up  into  some  other  pipe,  because  it  will  then 
form  deposits  and  may  thus  choke  up  the  other  pipe. 
Urinal  waste  pipes  should  be  as  short  as  possible.  They 
should  be  well  supplied  with  screw-caps  to  afford  easy 
access  to  the  pipe  for  cleaning-out  purposes,  as  a  thick  slime 
accumulates  in  them. 

30,  Fig.  22  shows  an  enlarged  detail  of  the  bathroom  on 
the  top  floor  of  the  building  illustrated  in  Fig.  16  and 
roughcd-in  with  wrought-iron  pipe,  for  a  water  closet,  bath- 
tub, and  wash  basin.  A  T  Y  branch  a  with  a  1 2-inch  side  out- 
let on  each  side  is  provided  in  the  soil  stack  d.  This  fitting 
provides  separate  connections  to  the  stack  for  each  of  the 
fixtures  in  the  bathroom.  The  connection  for  the  closet  is 
made  up  of  a  short  piece  of  iron  pipe  c  on  w^hich  is  screwed 
the  00°  bend  d  to  turn  the  branch  to  a  vertical  position,  and 
in  the  i)roper  location  for  the  closet  outlet.  The  closet 
flange  ^  is  connected  to  the  bend  d  by  means  of  an  extra 
strong  nipple,  which  should  be  of  such  a  length  that  the  face 
of  the  closet  flange  will  be  flush  with  the  bathroom  floor. 
The  bath  trap  /  and  waste  ^  are  vented  into  the  vent  stack  A 
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through  the  li-inch  back-vent  i.  The  basin  trap  /  and 
waste  k  are  back-vented  into  the  soil  stack  through  the 
li-inch  back-vent  pipe  /. 

The  closet  bend  is  not  back-vented  in  Fig.  22,  although  it 
is  shown  so  in  Fig.  16.  The  back-venting  has  been  omitted 
in  Fig.  22  to  call  attention  to  a  diversity  of  practice  that 


pn 


Fig.  22 

exists  in  this  respect.  Some  engineers  claim  that  hack-vent- 
ing is  superfluous  for  a  fixture  when  it  is  the  highest  one 
connected  to  a  soil  stack;  other  engineers  hold  the  opposite 
opinion.  The  safest  practice  is  to  back-vent  the  fixture;  in 
any  case,  any  existing  rules  and  regulations  governing 
back-venting  must  be  complied  with  re^jardless  of  personal 
opinions. 
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31.  Fig.  23  shows  an  enlar^jed  detail  of  the  wrouj^ht-iron 
waste  connections  to  a  set  of  laundry  tubs  and  to  a  drip  sink 
in  the  basement  of  the  building  shown  in  Fig.  1(5.  The  waste  a 
from  the  laundry  tubs  is  emptied  into  the  sink  trap  h,  which 
is  vented  through  a.li-inch  iron  pipe  c.  The  waste  pipe  d 
from  the  tubs  and  sink  enters  the  house  drain  e  at  such  a 
point  as  to  wash  out  any  rust  or  dirt  either  deposited  at  the 
foot  of  the  vent  stack  /  or  that  may  back  up  from  the  soil 
stack  ^.  

SOIL,  WASTE,  AND  VENT   STACK  HIZKH 


SIZES    OF    BRANCIIKS    AND    VKNTH 

32.     Branches. — The  proper  sizes  of  waste  pipes   for 
various  fixtures  are  given  in  the  following  table: 

TABI^E  I 
SIZES    OF    SOIL    AND    WA8TK     nUANCIIKS 


1 
Diameter  of 

Kind  of  Fixture 

Pipe 

Inches 

Water  closet .  . 

4 

Slop  sink  .    .   . 

2  to  3 

Hathtub  •   .    .    . 

li  to  2 

Wash  basin  .    . 

l\ 

Shower  bath .   . 

2 

Bidet 

li 

Seat  bath  .    .    . 

1 

— 

Diameter  of 

Kind  of  Fixture 

Pipe 

Inches 

Foot-bath .    .    . 

I  2 

Laundry  tub     . 

1  i  to  2 

Kitchen  sink .  . 

I  i  to  2 

Pantry  sink  .    . 

I  2 

Urinals  .... 

li 

Drinking;:  foun- 

tain   

li  to  li 

If  four  or  more  fixtures  of  any  one  kind  are  connected  to 
the  same  waste  pipe,  the  branch  may  j^cnerally  be  one  size 
larger  than  given. 

33.  Vents. — Vent  branches  to  fixture  traps  should  be 
the  full  size  of  the  waste  pipe  up  to  Ij  inches  in  diameter, 
but  need  not  exceed  2  inches  in  diameter  for  any  fixture. 
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The  following    table    shows   the  sizes  of  vent  pipes   for 
wastes  of  different  diameters: 


TABJLK  II 
SIZES    OF    VKNT    PIPES 

Diameter  of 

Waste  Pipe 

Inches 

Diameter  of 

Vent  Pipe 

Inches 

Diameter  of 

Waste  Pipe 

Inches* 

Diameter  of 

Vent  Pipe 

Inches 

I J 

2 

I* 

3 

3^ 

4 

2 
2 

2 

SIZES    OF    STACKS 

34,  Soil-pipe  stacks  should  be  from  4  inches  to  6  inches 
in  diameter;  their  corresponding  vent  stacks  may  be  one 
size  smaller.  Waste  stacks  are  usually  from  2  to  3  inches  in 
diameter  for  ordinary  small  buildings.  In  fiat  buildings,  five 
or  more  stories  in  height,  the  waste  stacks  ^ay  be  from  3 
to  i  inches  in  diameter,  their  corresponding/vent  stacks  being 
one  size  smaller.     In  tall  buildings,  such  a^  large  office  build- 


TAHLK  III 
SIZKS     OF    soil.    STACKS 


Diameter  of 
Stack 
Inches 


ings,  etof,,  where  a  large 
number/of  wash  basins  and 
urinals/  discharge  into  one 
waste  jstack,  the  stack  may 
be  from  4  to  6  inches  in 
diameter.  It  is  only  an  ex- 
ceptional case  that  demands 
a  larger  waste  stack  than 
4  inches.  Safe  and  refriger- 
ator wastes  should  never  be 
~  -  -    less   than    1    inch   and   need 

seldom  be  more  than  2  inches  in  diameter.  For  ordinary 
building^s,  such  as  small  detached  cottages,  a  4-inch  drain 
and  main  soil  stack  will  be  found  large  enough,  even 
when*  rain  water  from  the  roof  discharges  into  the  system. 
For  larger  houses  that  contain  not  more  than  twenty  ifiztures. 


Number 

of 
Fixtures 


I    to  27 

28   to   70 

71  upwards 


'I)-;   ..: 

r  U  J-; .  .  ^ 
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a  5-inch  drain  is  sufficient  for  both  the  house  drainage  and 
rain  water.  For  ordinary  office  or  apartment  buildings  where 
the  number  of  fixtures  does  not  exceed  fifty,  a  6-inch  pipe 
will  be  found  large  enough.  No  pipe  that  receives  the  dis- 
charge from  a  water  closet  should  be  less  than  4  inches  in 
diameter. 

In  proportioning  the  sizes  of  stacks  for  large  office  build- 
ings, hotels,  etc.,  the  sizes  of  pipes  for  the  corresponding 
number  of  fixtures,  given  in  Table  III,  have  been  found  in 
practice  to  give  good  results. 


EXAMPLE    OF    STACK    AND    BRANCH    8IZES 

35.  Fig.  24  shows  an  elevation  of  a  plumbing  system 
with  the  sizes  of  the  house  drain,  and  main  vertical  stacks, 
and  fixture  branches  proportioned  according  to  the  foregoing 
tables  and  data.  There  are  forty-six  fixtures  discharging 
into  the  line  «,  but  as  this  is  a  waste  stack  and  does  not 
receive  discharge  from  closets,  a  4-inch  waste  stack  and  a 
3-inch  vent  stack  should  be  used.  The  stack  b  has  twenty- 
eight  fixtures  discharging  into  it.  Therefore,  according  to 
the  table  of  soil-stack  sizes,  a  5-inch  pipe  should  be  used.  In 
like  manner  the  other  sizes  shown  can  be  obtained  from  the 
tables.  The  sum  of  all  fixtures  on  the  five  vertical  lines  is  two 
hundred  fixtures,  which  would  require  a  9-inch  pipe  to  waste 
through.  Therefore,  the  house  drain  should  be  9  inches  up 
to  line  b,  where  a  9''  X  8"  X  6"  Y  branch  would  reduce  the 
run  to  8  inches  and  provide  a  6-inch  branch  for  the  stack  and 
the  roof  leader  at  b.  Eight-inch  pipe  would  then  be  con- 
tinued to  the  stack  d,  and  an  H''  x  7"  X  5''  Y  would  complete 
the  reduction  and  provide  pipes  throughout  proportioned  to 
the  number  of  fixtures  discharging  into  them.  A  range  of 
ten  water  closets  is  located  on  the  first  floor  and  discharge 
into  the  vent  stack  d.  It  will  be  observed  that  the  stack  is 
reduced  at  the  first  floor  from  6  inches  to  4  inches,  a  H  inch 
branch  being  taken  off  for  the  ten  closets.  The  closets  in  this 
range  are  not  back-vented,  for  which  reason  the  pipe  is  made 
larger  than  called  for  by  the  table.  This  is  a  part  of  the 
system  that  may  not  meet  the  requirements  of  the  plumbing 
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rules  of  every  city,  because  few  of  them  are  broad  enoug^h 
to  embrace  such  unusual  conditions.  In  a  case  like  this  it  is 
wise  to  refer  to  the  plumbing  inspector  for  information 
before  proceeding  with  the  work.  His  duty  is  to  make  plain 
all  problems  that  cannot  be  solved  by  the  rules  and  regula- 
tions. In  some  cities,  each  of  the  closet  bends  would  require 
to  be  separately  back-vented,  but  the  system  shown,  in  which 
a  4-inch  vent  pipe  connects  the  end  of  the  soil  pipe  to  a  vent 
stack,  should  give  satisfaction  if  the  proper  pitch  is  given 
the  i)ipe  under  the  closets.  If  there  should  be  any  doubt 
about  the  operation  of  the  closets,  a  3-inch  back-vent  may  be 
attached  to  one  of  the  middle  closet  be'nds  to  give  relief 
should  a  large  number  of  the  closets  be  operated  at  the  same 
time.     Ordinarily,  the  arrangement  shown  will  operate  well. 


KXAMPLKS  OF  INSTALLATION 


OUTSinE    STACKS 

iiii.  In  warm  climates,  such  as  prevail  in  the  southern 
part  oi  the  United  States,  soil,  waste,  and  vent  pipes  with 
their  respective  branches  are  located  on  the  outside  of  build- 
ings, where  they  are  always  accessible  and  where  in  case  of 
leaks  any  escaping  drain  air,  by  diffusing  into  the  surround- 
ing ainiDsj^here,  is  rendered  harmless. 

Fig.  li")  («»)  shows  the  rear  of  a  four-story  and  basement 
luiiliHiig  tilled  with  an  outside  drainage  system.  The  soil 
pitK'  it  exieiuls  above  the  rear  wall  coping  where  it  is  open  for 
ventilation.  Ii  takes  the  discharge  from  all  the  fixtures  in 
the  bathriMMn^^  on  the  several  tloors,  except  the  first  floor, 
arul  e»)nil-.-.ets  it  t**  the  h^use  drain  underground.  The  vent 
siaek  •■  i^  LuiUcvi  at  the  opposite  side  of  the  bathroom,  so 
that  tlu-re  v.:!;  'h'  ro  er<^ssing  of  pipes.  The  branches  c,c 
are  li^.e  w.i-:-.-  .■  ••■rrcrii»:is  tor  the  several  bathrooms.  They 
take  tiu'  t::s,  I:.:- :;-  -i.iin  the  closets  through  </,</,  the  basins 
th!«'ii-;)  ...  .■:•';  \'r.:  i\i:hs  ilr-t»iigh  /, /.  The  fixture  traps 
.'.!«■  .;;:  \  :■••:..:  :'■•■.':-'.  the  l-aek-air  c(^nnection  jr..C  and  the 
br.vi;».lie>^    :.  .■,  a:^k:  ".  "  tliai  drop  down  and  pass  through 
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the  wall  at  their  proper  places  to  ventilate  respectively  the 
closets,  the  basins,  and  the  bathtubs.  The  waste  pipe  from 
the  fixtures  located  in  the  bathroom  on  the  first  floor  con- 
nects to  the  vent  stack  b  to  wash  out  rust,  which  might  other- 
wise lodge  at  its  base.  The  arrangement  of  the  fixtures  in  the 
bathrooms  is  shown  in  plan  in  Fig.  25  (^).  The  kitchen  sinks 
on*  the  several  floors  discharge  into  the  3-inch  waste  pipe  k, 
and  are  vented  into  the  vent  stack  /.  The  sink  waste  and 
vent  connections  are  shown  at  w,«.  A  plan  of  the  sinks 
is  shown  in  detail  in  Fig.  25  {c).  The  detail  given  in 
Fig.  25  (d)  shows  one  way  of  connecting  up  the  waste  pipe; 
it  is  the  most  simple  and  is  quite  sanitary,  provided  that  the 
piece  of  pipe  that  runs  through  the  wall  and  joins  the  trap  to 
the  stack  is  nearly  level.  If  the  rules  call  for  the  back-vent 
to  be  taken  from  the  crown  of  the  trap,  the  sinks  should  be 
connected  up  as  shown  by  the  detail  given  in  Fig.  25  {e). 

37.  To  install  the  outside  drainage  system  shown;  a 
swinging  scaffold  should  be  provided  to  work  on,  a  block 
and  fall  being  used  to  hoist  the  sections  of  pipe  into  place. 
The  stacks  should  be  made  up  on  the  ground  in  sections  that 
reach  from  the  branch  fittings  at  one  floor  to  and  including 
the  branch  fitting  for  the  floor  next  above.  This  necessitates 
calking  only  a  few  joints  in  place.  As  the  work  progresses, 
each  section  should  be  secured  firmly  in  place  with  iron 
bands.  The  bands  should  be  placed  under  the  hubs  and 
secured  to  the  building,  if  of  wood,  by  means  of  screws,  and 
if  of  stone  or  brick,  by  means  of  expansion  bolts. 


COMBINATION    IRON    AND    LEAD    CONN  KCTIONS 

38.  Fig.  26  shows  a  bathroom  in  a  frame  building, 
roughed  in  with  lead  pipe.  The  lead  closet  bend  a  connects 
to  the  cast-iron  soil  pipe  b  by  means  of  a  brass  ferrule,  and 
a  wiped  and  calked  joint.  The  waste  c  from  the  wash  basin 
is  joined  by  the  waste  d  from  the  bathtub  and  connects  to 
the  lead  closet  bend.  In  this  way  one  soil-pipe  outlet 
answers  for  all  the  fixtures  in  the  bathroom.  The  waste 
pipes  to  the  bathtub  and  wash  basin  are  supported  throughout 
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their  entire  lengths  by  means  of  wooden  shelves,  so  graded 
as  to  give  the  pipes  a  fall  toward  the  lead  closet  bend.  The 
vent  pipes  are  made  of  wrought  iron  and  are  carried  up 
between  the  studding  of  the  outside  wall.  The  branch  e  from 
the  basin  and  the  branch  /  from  the  bathtub  join,  by  means 


of  a  cross,  the  main  vent  stack  .^  well  above  the  top  of  the 
fixtures.  The  main  stack  extends  down  to  lower  floors,  where 
it  vents  the  kitchen  sink  and  laundry  tubs,  and  continues  up 
to  the  attic,  where  it  crosses  over  and  joins  the  main  stack, 
or  may  extend  ui)  separately  through  the  roof.  The  other 
pipes  shown  are  the  water  pipes. 
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3i>.  Fig.  27  (a)  shows,  in  perspective,  the  Durham  sys- 
tem applied  to  the  roughing  for  a  tier  of  six  water  closets. 
The  4-inch  horizontal  branch  a  is  connected  to  the  soil 
stack  d  by  means  of  the  TY  branch  c.  The  horizontal 
branch  is  located  under  the  ceiling,  from  which  it  is  sup- 
ported by  means  of  the  pipe  hangers  d^d.  Branch  TY  fit- 
tings ejyfr.h  are  provided  at  the  proper  intervals  for  closet 
connections.  The  use  of  lead  closet  bends  and  short  lead 
back-vent  connections,  as  shown,  makes  a  much  better  job 
than  all-wrought-iron  connections.  These  connections  are 
flexible  and  should  give  no  trouble.  If,  however,  a  strictly 
Durham  job  is  specified,  the  connections  may  be  made  up 
as  shown  in  detail  in  Fig.  27  (^).  The  closet  bends  are 
vented  from  the  main  vent  stack  /  through  the  horizontal 
branch  vent  /  and  the  closet  back-vent  branches  k^  /,  w, 
and  71.  Short  pieces  of  2-inch  brass  pipe  are  used  as  solder 
nipples  at  n' ,  A  short  piece  of  2-inch  lead  pipe  is  wiped  to 
each  closet  bend  and  solder  nipples  n' ,  as  at  o.  If  a  strictly 
Durham  job  is  required,  the  horizontal  branch  a  is  frequently 
run  directly  under  the  closet  outlets,  and  the  T  Y  fittings 
are  turned  up,  as  shown  at/»,  Fig.  27  (^).  The  4"  X  2''  T  Y^, 
Fig.  27  {h),  the  nipples  above  and  below  it,  and  the  iron 
closet-floor  flange  r  are  all  made  up  together  at  the  vise  and 
then  screwed  in  place,  the  outlet  pointing  to  the  elbow  s  at 
the  base  of  the  back-vent  pipe  that  runs  up  at  the  back  of 
the  marble  slabs  behind  the  closets.  The  elbow  s  should 
be  tapped  right-and-left,  and  the  horizontal  pipe  t  should 
have  one  right-hand  and  one  left-hand  thread,  so  that  it 
can  be  screwed  into  the  fittings  q  and  s  simultaneously, 
thus  connecting  the  soil  and  vent  branches  together  without 
the  use  of  unions.  Particular  care  must  be  taken,  in  getting 
out  the  pipes  and  fittincfs  for  Durham  work,  to  have  the 
fixture  outlets  come  in  the  exact  place,  because  after  they 
are  in  place,  they  cannot  be  conveniently  changed.  With 
lead  bends  it  is  difi^erent.  because  the  bends  can  be  worked 
either  way  to  suit  the  fixture. 
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COMPLETE    PLUMBING    SYSTEM 

40.  Fig.  28  shows,  in  sectional  elevation,  a  complete 
system  of  drains,  soil,  waste,  and  vent  pipes  for  a  city 
building.  All  of  the  sewage  from  the  building  is  dis- 
charged into  the  street  sewer  «  by  a  6-inch  fireclay  pipe  b, 
which  is  broken  away  to  show  that  the  sewer  is  farther  from 
the  building  than  it  appears  in  the  illustration.  A  5-  or  6-inch 
iron  disconnecting  trap  c  is  placed  just  inside  the  cellar  wall. 
A  5-inch  house  drain  ^  is  run  along  the  face  of  the  cellar  wall. 
A  4-inch  pipe,  furnished  with  a  deep  seal  trap  e  in  the  cellar, 
carries  away  surface  water  from  the  catch  basin  e'  in  the 
front  area.  A  5-inch  fresh-air  inlet  pipe  /  takes  a  supply  of 
fresh  air  from  the  street  curb  by  means  of  a  perforated  post 
inlet  ;^.  A  4-inch  deep  seal  trap^  disconnects  the  back-area 
surface-water  box  /  and  the  roof  leader  j  from  the  house 
drain.  The  rain-water  pipe  k  and  the  tank  overflow  pipe  k' 
both  deliver  into  a  rain-water  head  on  the  rain-water  pipe  j. 

The  fixtures  in  the  basement  are  a  kitchen  sink,  a  set  of 
three  laundry  tubs,  and  a  refrigerator.  The  fixtures  on  the 
first  floor  are  a  butler's  pantry  sink,  a  corner  wash  basin,  a 
siphon-jet  water  closet,  and  a  urinal,  the  closet  and  urinal 
both  being  flushed  from  small  tanks  overhead.  In  ordinary 
private-house  work,  the  three  latter  fixtures  would  he  omit- 
ted. They  are  connected  up  in  the  drawing  only  for  illus- 
tration, as  they  may,  in  exceptional  cases,  be  employed. 
The  fixtures  on  the  second  floor  are  two  wash  basins,  a 
Roman-shaped  bath,  and  a  siphon-jet  closet.  The  fixtures 
on  the  third  floor  are  two  wash  basins,  a  French-shaped  bath, 
and  a  siphon-jet  closet. 

On  the  top  floor,  for  the  servants'  use,  is  located  a  common 
enameled-iron  bath,  a  plain  wash  basin,  and  a  siphon-jet  closet. 
A  rectangular  copper-lined  wooden  house  tank  /  is  also  placed 
on  the  fourth  floor,  high  enoue:h  to  supply  the  small  tank  for 
the  closet  on  the  top  floor,  and  a  hatch  ;;/,  about  20  inches  by 
30  inches,  is  placed  on  the  roof  for  access  to  the  tank. 

A  long  hopper  closet  w  is  fitted  up  in  a  small  apartment  in 
the  back  area,  or  basement,  and  opens  into  the  back  area. 
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The  tank  /'  for  this  closet  is  fitted  up  inside  the  building, 
and  the  trap  is  underground.  This  is  to  guard  against  frost, 
and  is  a  common  practice.  A  better  plan  is  to  set  an  ordinary 
closet  inside  the  building;  outside  closets  should  never  be 
installed  in  cold  climates  except  when  insisted  on  by  the 
architect  or  owner. 

The  4-inch  soil-pipe  stack  p  is  run  up  full  size  to  the  roof 
of  the  building,  increasing  to  5  inches  as  it  passes  through 
the  roof.  The  4-inch  vent  stack  q,  corresponding  to  p^  also 
increases  in  diameter  as  it  passes  through  the  roof;  its  base 
joins  the  house  drain  at  an  angle  of  45°,  so  that  any  rust 
falling  down  may  slide  into  d  and  thus  be  washed  away. 
The  8-inch  waste-pipe  stack  r  is  carried  full  size  up  to  the 
roof,  and  increased  to  4  inches  as  it  passes  through  it.  For 
purposes  of  economy  only,  the  corresponding  2-inch  vent 
pipe  s  joins  r  above  the  highest  fixture,  instead  of  passing 
separately  up  to  and  through  the  roof. 

P)rick  piers  /,  /  arc  built  under  the  vertical  stacks  to  sup- 
port them.  The  J-inch  telltale  pipe  «,  li-inch  safe  wastes  v,  v 
and  refrij^fcrator  waste  7v  discharge  openly  into  a  sink  in  the 
cellar.  The  safe  wastes  arc  trapped  by  making  a  coil  on 
the  end  of  the  pipe,  as  shown,  and  are  carried  full  size  up  to 
and  through  the  roof  to  prevent  odors  from  entering  any  of 
the  upper  rooms  through  them.  The  vent  outlets  above  the 
roof  should  be  carried  up  a  few  feet  higher  than  shown;  they 
arc  shortened  in  order  to  avoid  making  the  drawing  too  large. 
The  waste  pipe  from  the  Roman  bath  on  the  second  floor  is 
dropped  and  made  to  flush  the  urinal  waste;  but  it  may  join  the 
stack  />,  if  desired.  

TESTING   HOUSE-DRAINAGE  SYSTEM 


IMPORTANCE    OF    TEST 

41.  The  plumbing  in"  every  building  should  be  tested  and 
made  perfectly  tight  before  it  can  be  considered  complete. 
The  owner  of  a  building  should  cither  see  the  plumbing  tested 
himself  or  should  have  his  representative  see  it  done.  All 
sanitary  engineers  and  reputable  architects  include  plumbing 
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tests  in  their  specifications.  Conservative  plumbing  con- 
tractors test  their  work  whether  tests  have  been  specified  or 
not;  they  do  this  to  protect  their  reputation  for  good  work 
and  to  satisfy  themselves  that  the  work  is  correct  before  it 
is  finally  turned  over  to  the  owner.  The  plumbing  rules  and 
regulations  governing  the  plumbing  in  the  larger  cities  of 
the  United  States  contain  a  clause  that  compels  plumbers  to 
test  plimibing  in  the  presence  of  one  of  the  city  plumbing 
inspectors;  all  plumbing  done  in  small  towns  and  villages 
not  having  plumbing  ordinances  should  be  tested  as  a  matter 
of  safety,  even  though  the  test  is  not  compulsory. 

All  new  jobs  should  receive  two  tests;  one  of  the  tests 
should  be  applied  to  the  roughing  before  it  is  covered  up  in 
the  building,  and  the  other  should  be  applied  to  the  entire 
job  after  the  fixtures  are  all  set  and  the  water  is  turned  on. 
The  latter  is  the  more  important  test,  because  it  tests  the 
whole  job,  but  both  are  necessary  to  accomplish  the 
best  results.  

ROUGHING    TESTS 

42.  Kfn<ls  of  Uoiiprhin^  Tests. — There  are  two  kinds 
of  tests  than  can  be  applied  to  the  roughing  with  satisfactory 
results;  one  is  known  as  the  ivatcr  test  and  the  other  as  the 
air-pressure  test.  The  former  is  the  better  of  the  two,  because 
leaks  can  be  easily  located  by  water  flowing  from  them,  and 
they  can  be  quickly  remedied.  The  water  test  is  almost 
universally  adopted  where  there  is  no  danger  of  the  water 
freezing  and  bursting  the  pipes  during  the  test.  During  very 
cold  weather,  however,  an  air-pressure  test  is  applied  to  the 
roughing,  but  much  time  is  lost  hunting  for  the  leaks.  In 
the  water  test,  all  outlets  except  the  top  are  plugged  and  the 
piping  filled  with  water  to  the  top;  in  the  air-pressure  test  air 
is  pumped  into  the  piping  after  all  outlets  have  been  plugged. 

43.  Water  Test. — Plumbing  rules  and  regulations, 
generally,  require  the  water  test  to  be  applied  by  closing  all 
openings  to  the  drainage  system  except  those  above  the 
roof,  and  filling  the  system  with  water  until  it  overflows  the 
vent  stacks.     When  the  system  is  filled,  the  cock  through 
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which  water  from  the  mains  is  admitted  is  closed.  The 
water  is  allowed  to  stand  in  the  stacks  until  the  plumber  has 
made  a  careful  examination  of  every  pipe  and  fitting  in  the 
system  in  a  search  for  leaks.  All  leaks  found  having  been 
repaired,  the  water  having  been  drawn  off  prior  to  repairing, 
the  system  is  again  filled  with  water  and  reexamined,  the 
examination  being  repeated  until  the  plumber  is  satisfied 
that  the  system  is  tight,  or  until  the  plumbing  inspector  has 
inspected  and  accepted  the  work. 

When  supplying  the  water,  it  is  well  to  fill  the  system 
slowly  from  the  bottom  and  make  tight  all  joints  from  the 
house  drain  up.  This  avoids  trouble  and  confusion,  for 
when  a  system  is  filled  to  the  top  a  small  leak  near  the  roof 
will  cause  water  to  run  down  the  stack,  wetting  all.  the  hubs 
and  thus  present  the  appearance  of  all  the  joints  leaking. 
When,  however,  the  system  is  filled  to  the  roof,  the  plumber 
should  commence  at  the  top  and  work  down,  making  each 
joint  tight  before  leaving  it  for  another  leak. 

44.  The  purpose  of  the  water  test  is:  first,  to  ascertain 
whether  the  pipes  are  strong  enough  to  resist  a  reasonably 
heavy  internal  pressure;  second,  to  ascertain  whether  the 
pipes,  fittings,  and  joints  are  water-tight.  A  good  feature  of 
the  water  test,  if  the  pressure  is  increased  to  a  proper  point, 
is  that  any  pipes  that  are  cast  very  irregular  in  thickness, 
such,  for  example,  as  is  often  found  in  poor  grades  of  cast- 
iron  pipe,  are  sure  to  be  split  or  burst  at  the  thin  parts. 
The  question  may  be  advanced:  Why  subject  the  pipe  lines 
to  heavy  water  pressure  when  it  is  known  that  a  pressure 
above  atmosphere  never  exists  in  a  properly  designed  drain- 
age system?  The  answer  to  this  is  found  in  the  fact  that 
iron  drainage  systems,  if  subject  to  moist  air  or  drain  gases, 
will  corrode,  the  rnst  forming  a  scale  on  the  exposed  surface. 
Corrosion  is  the  process  of  eating  away  the  metal  forming 
the  pipe,  and  the  consequent  formation  of  rust  means  a  corre- 
sponding thinning  of  the  real  metal. 

Suppose  that  a  pipe  having  a  section  similar  to  that  shown 
in  Fig.  29,  is  allowed  to  rust  uniformly  over  its  external  and 


SOIL.  WASTE,  AND  VENT  STACKS 


41 


P 

I 

W 


* 


%\ef/i7m- 


in tenia  1  surface,  say  Vir  inch  in  depth  per  year.  Assume 
that  the  pipe  is  4  inches  inside  diaraeter,  and  J  inch  thick  on 
one  side  and  I  inch  thick  on  the  other*  the  intention  of  the 
tnolder  having  been  to  cast  the  pipe  with  a  uniform  thick- 
ness  of  i  inch.  Then,  a  scale  of  rust  i*a  inch  deep  will  be 
formed  over  the  inside  and  outside  of  the  pipe  in  1  yean 
that  is  to  say,  the  real  thickness  of  the 
pipe  at  the  thinnest  part  will  then  be  Mi 
J  —  (V'tf  +  I'f )  =  1^4  inch.  The  real 
thickness  at  the  opposite  side  will  be 
i  -  (A  +  A)  =  A  inch.  If  this  rate 
of  corrosion  continues  for  another  year 
the  resulting  thickness  of  the  real  tnotal 
at  these  points  will  be  A  —  (A  +  ^V) 
=  0  at  the  thin  part  and  A  —  { A  +  /») 
=  i  inch  at  the  thick  part.  It  will  be 
seen  that  if  a  pipe  like  this  one  should 
form  part  of  a  drainage  system,  the  thin 
part  of  the  pipe  may  burst  when  a  heavy  pressure  is  applied; 
the  presence  of  sach  a  pipe  can  be  thus  detected,  and  it  may 
be  replaced  by  a  sound  one*  If  sound  pipes  of  uniform  thick- 
ness are  employed  throughout  a  drainage  system,  the  dura- 
bility of  the  system  will  be  increased  to  the  full  limit.  On 
the  other  hand,  if  defective  pipes  are  used»  the  durability  of 
the  drainage  system  is  limited  to  the  life  of  the  poorest  part. 
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45.  It  should  be  noted  that  the  pressure  exerted  in  the 
drainage  system  by  the  water  test  varies  with  the  height  of 
the  building.  Assume  two  vertical  pipe  stacks,  one  ICK)  feet 
high  I  and  the  other  20  feet  high,  each  filled  with  water  for 
testing  purposes.  The  pressure  at  the  base  of  the  higher 
column  of  water  is  greater  than  that  at  the  base  of  the 
smaller  column.  To  illustrate  this,  refer  to  Fig.  30,  in 
which  the  tube  a  represents  the  short  pipe  stack  and  d  the 
long  one-  Suppose  the  sectional  area  of  each  tube  to  be 
i  1  square  inch,  and  their  height  to  be  20  feet  and  100  feet, 
I  respectively.  A  cubic  inch  of  water  weighs  .03617  pound; 
I         consequently,  the  pressure  on  the  bottom  of  a  is  20  X  12  X  I 
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X  .03617  =  8.6808  pounds,  and  at  the  base  of  ^  is  100  X  12 
X  1  X  .03617  =  43.404  pounds. 

Since  the  pressure  of  any  layer  of  water  in  the  vertical 
column  is  due  to  the  weight  of  the  water  above,  it  follows 

that  the  pressure  will  become 
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less  as  the  vertical  distance 
between  the  point  where  the 
pressure  is  to  be  taken  and 
the  surface  of  the  water  is 
decreased.  This  can  best  be 
illustrated  by  drawing  a  hori- 
zontal line  cd  to  represent 
the  pressure  at  the  base,  and 
joining  </  by  a  straight  line  to 
the  point  e,  which  represents 
the  surface  of  the  water,  or 
point  of  no  pressure.  The 
length  of  any  horizontal  line 
drawn  from  ce  to  ed,  such  as 
fj^  for  example,  represents 
the  pressure  at  any  point  level 
with  the  line.  It  is  therefore 
^  evident  that  under  the  water 
\  test  the  top  of  the  stack  will 
--»*  be  subject  to  very  low  pres- 
sure, while  the  bottom  will 
be  subject  to  a  much  higher  pressure;  hence,  a  defective  pipe 
near  the  top  of  the  stack  d  may  successfully  stand  the  test, 
while,  if  the  same  pipe  were  calked  in  near  the  bottom,  it 
would  probably  be  split  or  burst  by  the  greater  pressure. 


\ 


Fig.  30 


46.  Compressed-AIr  Test. — The  compressed-air  test 
is  applied,  after  all  openings  are  closed,  by  forcing  air  into 
the  drainage  system  by  means  of  a  pump  until  there  is  a 
pressure  of  at  least  10  pounds  per  square  inch  throughout 
the  entire  system.  The  pressure  should  be  indicated  by  a 
mercury  pressure  gauge.  When  the  column  of  mercury 
remains  stationary  at  the  highest  point  to  which  it  has  been 
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raised,  that  is,  about  20  inches  for  a  10-pound  pressure,  the 
system  is  perfectly  tight.  When,  however,  the  column  of 
mercury  falls,  it  indicates  a  leak  somewhere  in  the  system, 
which  should  be  located  and  made  tight.  The  first  place  to 
examine  for  leaks  is  around  the  testing  apparatus.  That 
being  tight,  the  testing  plugs  or  stoppers  should  next  be 
examined  and  made  tight,  after  which  the  pipes  and  joints 
throughout  the  system  should  be  examined.  To  locate  the 
leaks,  it  is  necessary  to  coat  the  stacks  with  soapy  water 
and  then  to  examine  them  for  bubbles  produced  by  escaping 
air.  To  find  the  large  leaks,  the  stacks  should  be  heavily 
coated  with  the  soapy  water,  since  otherwise  bubbles  will 
not  be  formed;  furthermore,  the  pressure  must  be  main- 
tained within  the  system  during  the  search  for  leaks.  When 
the  mercury  gauge  stands  for  15  minutes  without  showing 
any  noticeable  fall  of  pressure  the  drainage  system  may  be 
considered  as  tight. 

The  air-pressure  test  is  not  so  desirable  as  the  water  test  on 
account  of  the  great  difficulty  in  locating  the  leaks  that  exist, 
to  some  extent,  in  nearly  all  new  work. 

47.  Testlngr  Plugs. — Lead  closet  bends  and  lead  waste 
pipes  can  be  pinched  together  and  soldered,  and  wrouj^^ht- 
iron  pipe  openings  closed  by  ordinary  screw  plugs,  caps,  or 
capped  nipples.  To  close  openings  in  cast-iron  pipe,  how- 
ever, special  plugs  or  stoppers,  which  can  be  easily  removed 
without  jarring  the  pipe  after  the  system  is  tested,  must 
be  used. 

Fig.  31  shows  a  malleable-iron  testing  plug  with  a  large 
thread  running  spirally  around  the  surface.  The  body  tapers 
from  the  shoulder  a  toward  the  end  of  the  plug  />,  so  that  it 
can  be  easily  withdrawn  from  a  hub  after  testing;  a  lug  with 
a  hole  through  it  is  cast  on  the  top  of  the  plug  at  c.  These 
testing  plugs  are  calked  into  the  hubs  to  be  closed.  Some 
plugs  have  a  hole  tapped  with  a  pipe  thread  through  the  top, 
into  which  can  be  screwed  a  nipple  d  and  cock  e.  A  hose- 
may  be  attached  to  the  cock  to  fill  the  drainage  system  with 
water  and  empty  it  after  testing.    These  testing  plugs  can 
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be  removed  from  hubs   by  striking  them  with  a  hammer 

on  the  top  edge  to  loosen  them,  then  inserting  an  iron  rod 

gj  into  the  opening  c  and  turning  the  plug 

Prtjj^^r^JK     to  the  left.    The  lead  ring  can  then  be 

^-^^^yj^^     pried    out  with  a   bar  or   cold   chisel. 

Striking  the  plug  to  loosen  it  sometimes 

starts  joints  in  the  soil  pipe  near  where 

the  plug  is  being  removed;  therefore, 

plugs  of   this   form  are   not   desirable 

when  other  kinds  can  be  used. 


Fig.  31 


48.  Fig.  32  shows  a  testing  plug 
that  is  held  in  place  by  the  friction  of  a 
rubber  band,  under  compression,  bear- 
ing against  the  inner  surface  of  a  pipe 
or  fitting.  When  avoidable,  this  form 
of  testing  plug  should  never  be  placed 

m  the  hub  of  a  pipe  or  fitting  as  the  large  siu^ace  exposed 

to  the  pressure  of  water  increases  the  liability  of  the  plug 

blowing  out  when  under  pressure; 

it    should    be    inserted   within   the 

pipe.     This   plug   consists    of   two 

iron  disks  a  and  b,  between  which  is 

placed  a  thick  rubber  band  c\  a  piece 

of    wrought-iron  pipe  d  is  bent  at 

right  angles,  and  the  capped  end  h 

made  long  enough  to  prevent  the 

plug  from  falling  down  in  the  pipe. 

On  the  other  end  is  cut  a  thread  ex- 
tending from  the  locknut  e  to  above 

the  compression  nut  /.     The  dome;f 

is  provided  to  extend   the  distance 

between  b  and  /  so  the  body  of  the 

plug  can  be  placed  well  in  the  pipe 

and  the  compression  nut  be  outside 

of  the  hub  convenient  for  operation. 

By  removing  the  cap  //    and   substituting  a   stop-cock  the 

system  can  be   filled  or  emptied  through  the  plug.     Such 
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plugs  should  only  be  used  for  low-pressure  testing,  owing 
to  the  liability  of  their  blowing  out. 

49.  A  form  of  stopper  that  is  adapted  for  testing  under 
a  high  pressure  is  shown  in  Fig.  38,  which  shows  an  adjust- 
able stopper  made  to  fit  different  sizes  of  pipe.  It  consists 
of  a  hinged  clamp  a  that  hooks  under  the  hub  of  a  pipe  or 
fitting,  as  at  b,  to  prevent  the  pressure  blowing  the  stopper 
from  the  hub.  A  disk  c,  which,  when 
screwed  down  by  the  hollow  bolt  d, 
compresses  a  rubber  gasket  e,  tightly 
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closes  the  opening.  Two  arms  /,  /  attached  to  the  disk  hold 
the  clamp  in  place.  The  disk  is  raised  or  lowered  by  means 
of  the  nut  h.  The  end  of  the  hollow  bolt  is  made  tij^ht  by 
means  of  a  cap  /,  which  can  be  replaced  by  a  stop-cock  when 
the  system  is  to  be  filled  through  the  stopper.  When  a 
clamp-testing  stopper  is  to  be  nsed  on  a  sjni^ot  end,  a  collar 
must  be  provided  to  hold  the  clamp,  as  shown  at  the  bottom 
of  the  illustration. 
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50.  Special  plugs  are  made  to  close  the  outlets  of  main- 
drain  traps.  Formerly  it  was  difficult  to  close  a  main-drain 
trap  connected  to  the  sewer  so  that  a  water  test  could  be 
applied  to  the  system,  but  this  is  now  easily  done  if  a  plug 
made  especially  for  this  purpose  is  lised.  Fig.  34  shows  such 
a  trap  plug  for  testing,  which  is  also  provided  with  a  valve  u 
for  filling  and  emptying  the  drainage  system.  The  plug  is 
similar  to  the  one  shown  in  Fig.  32,  but  has  an  extended 
shank  and  a  clamp  b  for  attaching  it  to  the  hub  of  the  trap  to 
prevent  the  blowing  out  of  the  plug. 


FINAL.  TEST 

51.  The  test  by  water  pressure  is  applied  only  to  the 
iron  stacks,  branches,  and  drain  pipes;  but  in  order  to  prove 
that  the  plumbing  fixtures  and  their  connections  are  gas- 
tight,  a  test  should  also  be  applied  to  the  entire  system 
when  the  fixtures  are  all  connected  up  and  the  traps  sealed 
with  water.  The  pressure  of  such  a  test  must  be  less  than 
that  required  to  force  the  trap  seals.  To  find  whether  the 
system  is  gas-tight,  an  air  test  may  be  applied  by  means 
of  a  pump.  All  the  traps  are  filled  with  water,  and  every 
opening  is  carefully  stopped.  The  air  pump  is  then  con- 
nected, and  a  pressure  about  equal  to  that  required  to  sustain 
a  column  of  water  1  inch  high  is  applied  to  the  whole  system. 
A  water  gauge  that  will  show  the  height  of  a  water  column 
required  to  resist  the  air  pressure  may  be  attached  at  some 
convenient  point,  by  which  the  pressure  may  be  noted  and 
the  pumping  stopped.  If  any  of  the  traps  blow  through, 
or  bubble,  at  a  lower  pressure  than  1  inch,  they  should  be 
readjusted  until  they  will  hold  that  pressure.  If  that  cannot 
be  done,  the  trap  should  be  condemned  and  a  better  one 
should  be  put  in  its  place.  After  the  pressure  is  put  on  the 
system,  the  pump  should  be  shut  off  and  the  water  gauge 
should  be  closely  watched  for  at  least  15  minutes.  If  the 
pipes  are  all  tight,  the  gauge  will  show  no  loss  of  pressure; 
but  if  the  pressure  falls,  then  a  leak  is  surely  indicated. 
To  find  the  leak,  other  tests  must  be  resorted  to.    Two 
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methods  are  commonly  employed  for  this  purpose.     One  is 

to  fill   the   pipes  with  a  dense  smoke,  which   can   be   seen 

vrhen  it  escapes  from  the  leak;  this  is  known  as  the  smoke 

test.     The  other  method  is  to  fill  the  pipe  with  some  stronjj, 

pungent  odor,  which  can  be  detected  by  smell,   such,   for 

instance,  as  the  oil  of  peppermint.     Care  should  be  taken 

to  distinguish  between  the  oil,  which  is  the  essential  oil, 

and  the  essence,  which  is  a  solution  of  a  small  portion  of  the 

essential  oil  in  a  large  volume  of  alcohol,  and  is  useless  for 

this  purpose. 

52.  The  air  test  and  the  peppermint  test  are  of  little  ser- 
vice in  locating  leaks,  and  hence  the  smoke  test,  which  clearly 
shows  the  location  of  leaks,  is  generally  adopted  and  used. 

To  apply  the  smoke  test,  a  smoke  machine  is  required. 
This  consists  of  a  blower  that  forces  air  into  an  air-tight 
firebox  in  which  a  fire  is  maintained.  Usually  a  bunch  of 
cotton  waste  that  has  been  saturated  with  machine  oil  will 
furnish  all  the  smoke  required  when  slowly  burned  inside 
the  firebox.  The  smoke  is  conducted  throu^^h  a  flexible 
hose  made  of  asbestos  or  rubber,  or  through  metal  pipes, 
to  the  fresh-air  inlet  of  the  drainaj^e  system,  or  to  the 
most  convenient  branch,  or  open  end.  The  ends  of  the 
branches  and  vent  pipes  should  be  opened  to  allow  the  smoke 
to  displace  the  air  and  fill  every  part  of  the  pipinj^.  All 
doors  and  windows  should  be  closed,  and  the  smoke  made 
in  starting  the  apparatus  should  be  carefully  prevented  from 
entering  the  building  through  them.  As  soon  as  the  smoke 
has  filled  the  whole  system  and  shows  itself  at  all  the  vent 
openings,  the  plugs  should  be  placed  over  these  openinj^^s. 
The  smoke  pressure  is  then  put  on  the  system,  when  the 
smoke  will  ooze  through  the  leaks  and  become  visible,  and 
also  have  a  perceptible  smell.  It  will  also  make  its  way 
through  the  traps  if  they  are  insufficiently  scaled  and  it  will 
come  up  through  the  water  closets  if  they  have  kiln  cracks 
or  other  such  defects  inside. 

53.  A  convenient  apparatus  known  as  the  Thomson 
smoke  machine  is  shown  in  Fig.  \\7y.     It  has  a  double-action 
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bellows  at  the  bottom  and  a  fire-pot  ^  above  iU  The 
inlet  valves  to  the  bellows  are  in  the  middle  leaf,  as  shown, 
and  an  outlet  valve  is  in  each  end  leaL  When  the  handle  c 
is  operated,  the  bellows  blows  air  through  a  three-way 
cock  a  into  the  bottom  of  the  firebox.  When  the  fuel  on 
the  grate  e  is  ignited,  the  smoke  blows  through  ^  in 
the  direction  of  the  arrows  and  passes  through  the  outlet 
tube  ^»  which  is  to  be  connected  to  the  drainage  system 
^_^^__^  by  a   li*   or    li-inch 

hose  pipe*  A  water- 
jacket,  which  must 
be  nearly  filled  with 
water  before  the  fire 
is  started,  is  formed 
nround  the  firebox. 
A  drum  or  cover  / 
encloses  the  fire-pot 
and  is  sealed  in  the 
water.  The  weight 
of  the  dram  is  such 
that  a  pressure  of 
about  1  inch  of  water 
column  will  raise  it^  or 
cause  it  to  float  in 
the  water.  A  greater 
pressure  is  not  re- 
quired, and  cannot  be 
formed  unless  the 
drum  is  loaded  down 
with  weights.  If  the 
bellows  is  operated  when  the  drum  is  floating,  the  result 
will  be  that  the  surplus  smoke  will  escape  into  the  atmosphere 
from  below  the  drum*  This  prevents  the  trap  seals  from 
being  forced  by  accident*  When  the  drainage  system  is  full 
of  smoke  and  the  drum  floats,  the  cock  a  is  closed  and 
puniping  is  stopped.  - 

If  there  is  a  leak  anywhere,  the  drum  will  sink  in  th^ 
water   and  the  velocity  with  which  it  falls  will  indicate  the 
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extent  of  the  leak.  If  the  drainage  system  is  gas-tight, 
however,  the  drum  will  continue  to  float  in  the  water.  If,  on 
an  ordinary  job,  the  drum  does  not  show  an  appreciable  fall 
in  10  minutes,  the  work  may  be  passed  as  tight. 


PliUMBING  liAWS  AND  REGULATIONS 

54.  The  plumbing  and  drainage  of  buildings  is  regulated 
by  law  in  many  cities  and  towns.  These  regulations  establish  a 
standard  of  general  excellence  to  which  all  plumbers  must  con- 
form. The  standard  thus  fixed  is  the  lowest  that  will  be  toler- 
ated or  that  the  public  safety  will  permit.  It  is  not  the  highest 
standard  attainable,  and  does  not  aim  to  secure  the  best  possible 
arrangement  of  drainage.  The  plumber  should  aim  to  supply 
the  most  perfect  system  of  drainage  and  water  supply  that  he 
can  devise.  He  should  not  limit  himself  to  the  specific  require- 
ments of  the  law,  but  should  do  better,  if  possible. 

The  following  verbatim  copy  of  the  regulations  that  are 
now  in  force  in  the  city  of  New  York  should  be  carefully 
studied,  and  attention  should  also  be  given  to  the  regula- 
tions in  force  in  the  plumber's  own  town  or  city. 


RULES     AND     REGULATIONS     FOR     PLrMHINCi,     l)KAINA(JE, 

AND    WATER    SUPPLY    OF    BUILDINGS    IN    THE 

CITY    OF    NEW    YOKK 

Section  141  of  tiik  Bi*ili>in(;  Code 
I.  The  drainage  and  plumbinfic  of  all  buildings,  both  public  and 
private,  shaU  be  executed  in  accordance  with  the  rules  and  rejjulations 
of  the  Bureau  of  Buildings  for  the  Borough  of  Manhattan.  Said  rules 
and  regulations,  and  any  change  thereof,  shall  he  published  in  the 
City  Record  on  eight  successive  Mondays  before  the  same  shall 
become  operative. 

Repairs  or  alterations  of  such  plumbing  or  drainage  may  be  made 
without  the  filing  and  approval  of  drawings  and  descrii)tions  in  the 
Bureau  of  Buildings,  but  such  repairs  or  alterations  shall  not  be  con- 
strued to  include  cases  where  new  vertical  or  horizontal  lines  of  soil, 
waste,  vent  or  leader  pipes  are  proposed  to  be  used. 

Notice  of  such  repairs  or  alterations  shall  be  given  to  the  said  Bureau 
before  the  same  are  commenced  in  such  cases  as  shall  be  prescribed  by 
the  rules  and  regulations  of  the  said  Bureau,  and  the  work  shall  be  done 
ip  accordance  with  the  said  rules  and  regulations. 
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II.  Once  in  each  year  every  employing  or  master  plumber  carrying 
on  his  trade,  business  or  calling  in  The  City  of  New  York,  shall  register 
his  name  and  address  in  the  Office  of  the  Bureau  of  Buildings  in  the 
Borough  in  which  his  place  of  business  is  located,  under  such  rules  and 
regulations  as  said  Bureau  shall  prescribe  and  as  hereinafter  provided. 

And  thereupon  he  shall  be  entitled  to  receive  a  certificate  of  such 
registration  from  said  Bureau,  provided,  however,  that  such  employ- 
ing or  master  plumber  shall,  at  the  time  of  applying  for  such  registra- 
tion, hold  a  certificate  of  competency  from  the  Examining  Board  of 
Plumbers  of  said  city. 

The  time  for  making  such  registration  shall  be  daring  the  month  of 
March  in  each  year.  Where,  however,  a  person  obtains  a  certificate 
of  competency  at  a  time  other  than  in  the  month  of  March  in  any  year, 
he  may  register  within  thirty  days  after  obtaining  such  certificate  of 
competency,  but  he  must  also  register  in  the  month  of  March  in  each 
year  as  herein  provided. 

Such  registration  may  be  canceled  by  the  Bureau  of  Buildings  for  a 
violation  of  the  rules  and  regulations  for  the  plumbing  and  drainage 
of  said  Bureau  of  Buildings,  duly  adopted  and  in  force  pursuant  to  the 
provisions  of  this  section,  or  whenever  the  person  so  reg^tered  ceases 
to  be  a  master  or  employing  plumber,  after  a  hearing  had  before  said 
Bureau,  and  upon  a  prior  notice  of  not  less  than  ten  days,  stating  the 
grounds  of  complaint,  and  served  upon  the  person  charged  with  the 
violation  of  the  aforesaid  rules  and  regulations. 

III.  After  this  Code  takes  effect,  no  person,  corporation  or  copart- 
nership shall  enj2^age  in,  or  carry  on  the  trade,  business  or  calling  of 
employing  or  master  plumbing  in  The  City  of  New  York  unless  the 
name  and  address  of  such  person  and  the  president,  secretary  or  treas- 
urer of  such  corporation  and  each  and  every  member  of  such  copart- 
nership shall  have  been  registered  as  above  provided.  A  plumber 
proposing  -to  do  work  in  a  Borough  other  than  that  in  which  he  is  regis- 
tered, shall  present  his  certificate  at  the  Office  of  the  Bureau  of  Build- 
ings in  that  Borough  before  commencing  work,  so  that  the  fact  of  his 
having  been  properly  registered  may  be  recorded. 

IV.  No  person  or  persons  shall  expose  the  sign  of  **Plumber**  or 
"Plumbing"  or  a  sign  containing  words  of  similar  import  and  meaning 
in  The  City  of  New  York  unless  each  person  forming  such  a  copartner- 
ship shall  have  obtained  a  certificate  of  competency  from  the  Examin- 
ing Board  of  Plumbers,  and  shall  have  registered  as  herein  provided. 

A  master  or  employing  plumber  within  the  meaning  of  this  Code  is 
any  person  who  hires  or  employs  a  person  or  persons  to  do  plumbing 
work. 

V.  The  Inspectors  of  Plumbing  in  the  Bureaus  of  Buildings  of 
The  City  of  New  York,  in  addition  to  their  other  duties,  shall  ascertain 
whether  the  emi)loying  or  master  plumber  having  charge  of  the  con- 
struction, repairing  or  alteration  of  any  plumbing  work  perfonned 
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m  The  CHy  of  New  York  is  registered  as  herein  provided,  and  if  such 
person  is  oot  ^o  rejijistered ,  then  such  inspector  shall  forthwith  report 
to  said  Bnreau  the  name  of  said  plumber* 

VL  The  Superintendent  of  Buildings  may  present  a  petition  to  a 
justice  of  the  Supreme  Court  or  to  a  special  term  thereof  for  an  order 
rest  raining  the  pers*m  so  reported  from  acting  as  an  employing  or 
master  plumber  until  he  registers  pursuant  to  the  provisions  of  this 
Code.  Said  petition  shaU  state  that  the  Siaitl  pemoa  is  en^ajijed  in 
plamblng  work  as  an  employing  or  master  plumber  without  having  so 
feg^istered,  and  shali  be  verified  by  the  inspector  making  the  said  report. 

Upon  the  presentation  of  the  petition  the  Court  shall  grant  an 
order  requiring  such  plumber  to  appear  before  a  special  term  of  the 
Supreme  Court  on  a  dale  therein  Bpecifxed,  not  less  than  two  nor 
more  than  sijc  days  after  the  granting  thereof »  to  show  cause  why  he 
should  not  be  permaaently  enjoined  until  he  has  obtained  a  certificate 
of  registration  as  herein  required.  A  copy  of  such  petition  and  order 
Shalt  be  served  upon  such  person  not  less  than  twenty-four  hours 
before  the  return  thereof.  On  the  day  specified  m  such  order  the 
Court  before  whom  the  same  is  returnable  shall  hear  the  proofs  of  the 
parties,  and  may,  if  deemed  necessary,  take  testimony  in  relation  to 
the  all^ations  of  the  petition. 

If  the  Court  is  satisfied  that  such  plumber  is  practictDg  without 
having  registered  as  provided  by  this  Code,  an  order  shall  be  granted 
enjoining  him  from  acting  as  an  employing  or  master  plumber  until 
he  has  so  registered. 

No  ondertaking  shaN  be  required  as  a  condition  to  the  granting  or 
issuing  of  such  injunction  order  or  by  reason  thereof* 

If,  after  the  entry  of  such  order  in  a  County  Clerk's  office  in  The 
City  of  New  York,  such  person  shall  in  violation  of  such  order,  prac- 
tice as  an  employing  or  master  plumber,  he  shall  be  deemed  guilty  of 
a  crinatnal  contempt  of  court,  and  be  punishable  as  for  a  criminal 
eontempt  in  the  manner  provided  by  the  Code  of  Civil  Procedure. 

In  no  case  shall  the  Bureau  of  Buildings  be  liable  for  costs  in  any 
such  proceeding,  but  costs  may  be  allowed  against  the  defendant  or 
defeodants  in  the  discretion  of  Ihe  Court. 

RtlLBS  ANTI   RkGULATIOWS    OF   THE    BumKAU'OF    BtrtLt>INCS  FOR   TUB 

BoftOliGH  OP  Manhattan  for  PurMurNG,  DiiAiKAGS 
AND  Water  Supflv  of  Butldengs 

I 

Filing  or  Drawings ^  DescripHtms,  Eic. 

L     Drawings  and  triplicate  descriptions,  on  forms  furnished  by  the 

Bureau  of  But  I  dings,  for  all  plumbing  and  drainage,  sh^dt  be  filled  in 

with  ink  and  filed  hy  the  owner  or  architect  in  the  said  department. 

The  plans  must  be  drawn  to  scale  in  ink,  on  cloth,  or  they  muM  be 
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cloth  prints  of  such  scale  drawings,  and  shall  consist  of  such  floor 
plans  and  sections  as  may  be  necessary  to  show  clearly  all  plumbing 
work  to  be  done,  and  must  show  partitions  and  method  of  ventilating 
water-closet  apartments. 

2.  The  said  plumbing  and  drainage  shall  not  be  commenced  or 
proceeded  with  until  said  drawings  and  descriptions  shall  have  been 
so  filed  and  approved  by  the  Superintendent  of  Buildings. 

3.  No  modification  of  the  approved  drawings  and  descriptions  will- 
be  permitted  unless  either  amended  drawings  and  triplicate  descrip- 
tions, or  an  amendment  to  the  original  drawings  and  descriptions, 
covering  the  proposed  change  or  changes,  are  so  filed  and  approved 
by  the  Superintendent  of  Buildings. 

4.  The  drainage  and  plumbing  of  all  buildings,  both  public  and 
private,  shall  be  executed  in  accordance  with  the  rules  and  regulations 
of  the  Bureau  of  Building^. 

6.  Repairs  or  alterations  of  plumbing  or  drainage  may  be  made 
without  filing  drawings  and  descriptions  in  the  Bureau  of  Building^, 
but  such  repairs  or  alterations  shall  not  be  construed  to  include  cases 
where  new  vertical  or  horizontal  lines  of  soil,  waste,  vent  or  leader 
pipes  are  proposed  to  be  used. 

6.  Notice  of  such  repairs  or  alterations  shall  be  g^ven  to  the  said 
Bureau  before  the  same  are  commenced,  in  such  cases  as  shall  be 
prescribed  by  the  rules  and  regulations  of  the  said  Bureau,  and  the 
work  shall  be  done  in  accordance  with  the  said  rules  and  reg- 
ulations. 

7.  Where  repairs  or  alterations  ordered  by  the  Board  of  Health  for 
sanitary  reasons  include  cases  where  new  vertical  and  horizontal  lines  of 
soil,  waste,  vent  or  leader  pipes  are  proposed  to  be  used  or  old  ones 
replaced,  drawing^  and  descriptions  must  be  filed  with  and  approved 
by  the  Superintendent  of  Buildings  before  the  same  shall  be  com- 
menced or  proceeded  with. 

8.  Repairs  and  alterations  may  comply  in  all  respects  with  the 
weight,  quality,  arrangement  and  venting  of  the  rest  of  the  work  in 
the  building. 

9.  It  shall  not  be  lawful  to  commence  work  on  said  plumbing  and 
drainage  or  on  any  part  thereof  until  the  plumber  who  is  to  do  the  work  • 
shall  sign  the  specifications  and  make  affidavit  that  he  is  duly  author- 
ized to  proceed  with  the  work.     Affidavit  must  give  the  name  and 
address  of  owner  and  plumber,  etc. 

10.  One  set  of  specifications  will  be  received  for  not  more  than  ten 
houses,  and  then  only  when  on  adjoining  lots  and  houses  are  exactly 
alike. 

11.  Written  notices  must  be  given  to  the  Superintendent  of  Build- 
ings by  the  plumber  when  any  work  is  begun,  and  from  time  tf>  time 
when  any  work  is  ready  for  inspection.  All  notices  required  must  be 
sent  in  on  blank  forms  furnished  by  the  Bureau  of  Buildings. 
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II 
Definition  of  Terfns 

12.  The  terra  * 'private  sewer**  is  applied  to  main  sewers  that  are  not 
constructed  by  and  under  the  supervision  of  the  Department  of  Sewers. 

13.  The  terra  ** house  sewer**  is  applied  to  that  part  of  the  main 
drain  or  sewer  extending  from  a  point  two  feet  outside  of  the  outer  wall 
i>f  the  building,  vault  or  area,  to  its  connection  with  public  sewer, 
private  sewer  or  cesspool. 

14.  The  term  "house  drain*'  is  applied  to  that  part  of  the  main 
horizontal  drain  and  its  branches  inside  the  walls  of  the  buildings, 
vault  or  area,  and  extending  to  and  connecting  with  the  house  sewer. 

15.  The  term  **soil  pipe**  is  applied  to  any  vertical  line  of  pipe 
extending  through  roof,  receiving  the  discharge  of  one  or  more  water- 
closets,  with  or  without  other  fixtures. 

16.  The  term  "waste-pipe**  is  applied  to  any  pipe  extending  through 
roof,  receiving  the  discharge  from  any  fixtures  except  water-closets. 

17.  The  term  ** vent-pipe**  is  applied  to  any  special  pipe  provided 
to  ventilate  the  system  of  piping  and  to  prevent  trap  siphonage  and 
back  pressure. 

Ill 

Materials  and  Workmanship 

18.  All  materials  must  be  of  the  best  quality,  free  from  defects, 
and  all  work  must  be  executed  in  a  thorough,  worknianliku  manner. 

19.  All  cast-iron  pi|>es  and  fittings  must  be  um oared,  sound,  cylin- 
drical and  smooth,  free  from  cracks,  sand  lioles  and  otlier  deftc ts,  and 
of  uniform  thickness  and  of  the  grade  known  in  cnnnnerce  as  "extra 
heavy.*' 

20.  Pipe,  including  the  hub,  shall  weigh  not  less  than  the  following 
average  weights  per  linear  foot: 


Diameters  '     Wci^rhts  por  Linear  Foot 


2  inches 52  pounds 

3  inches 92  pounds 

4  inches » 13    pounds 

5  inches 17    pounds 

6  inches 20    pounds 

7  inches '  27    pounds 

8  inches '  332  pounds 

10  inches 45    pounds 

12  inches |  54    pounds 

21.     Thesise,  weight  and  niaker*s  name  mu.st  be  cast  on  each  length 
of  the  pipe. 
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22.  All  joints  must  be  made  with  picked  oakum  and  molten  lead 
and  be  made  gas-tight.  Twelve  (12)  ounces  of  fine,  soft  pig  lead  must 
be  used  at  each  joint  for  each  inch  in  the  diameter  of  the  pipe. 

23.  All  wrought-iron  and  steel  pipes  must  be  equal  in  quality  to 
"standard,"  and  must  be  properly  tested  by  the  manufacturer.  All  pipe 
must  be  lap-welded.    No  plain  black  or  uncoated  pipe  will  be  permitted. 

24.  Wrought-iron  and  steel  pipes  must  be  galvanized,  and  each 
length  must  have  the  weight  and  maker's  name  stamped  on  it. 

25.  Fittings  for  vent-pipes  on  wrought-iron  and  steel  pipes  may  be 
the  ordinary  cast  or  malleable  steam  and  water  fitting^. 

26.  Fittings  for  waste  or  soil  and  refrigerator  waste-pipes  must  be 
the  special  extra  heavy  cast-iron  recessed  and  threaded  drainage 
fittings,  with  smooth  interior  waterway  and  threads  tapped,  so  as  to 
give  a  uniform  grade  to  branches  of  not  less  than  one-fourth  of  an  inch 
per  foot.    All  fittings  for  wrought-iron  or  steel  pipe  must  be  galvanized. 

27.  All  joints  to  be  screwed  joints  made  up  with  red  lead,  and  the 
burr  formed  in  cutting  must  be  carefully  reamed  out. 

28.  Short  nipples  on  wrought-iron  or  steel  pipe,  where  the  unthreaded 
part  of  the  pipe  is  less  than  one  and  one-half  inches  long,  must  be  of 
the  thickness  and  weight  known  as  "extra  heavy"  or  "extra  strong.*' 

29.  The  pipe  shall  not  be  less  than  the  following  average  thickness 
and  weight  per  linear  foot: 


Diameters 


i-i  inches 

2  inches 
2j  inches 

3  inches 
ji  inches 

4  inches 
4^  inches 

5  inches 
()    inches 

7  inches 

8  inches 
i)    inches 

0  inches 

1  inches 

2  inches 


Thicknesses 


.14  inch 
.15  inch 
.20  inch 
.21  inch 
.22  inch 
.23  inch 
.24  inch 
.25  inch 
.28  inch 
.30  inch 
.32  inch 
.34  inch 
.36  inch 
.37  inch 
.37  inch 


Weisrhts  per  Linear 
Foot 


2.68  pounds 

3.61  pounds 

5.74  pounds 

7.54  pounds 

9.00  pounds 

10.66  pounds 

12.34  pounds 

14.50  pounds 

18.76  pounds 

23.27  pounds 

28.18  pounds 

33.70  pounds 

40.06  pounds 

45.02  pounds 

48.98  pounds 


.SO.  All  brass  pipe  for  soil,  waste  and  vent  pipes  and  solder  nipples 
must  be  thoroughly  annealed,  seamless,  drawn  brass  tubing,  of  stand- 
ard iron-pipe  gauge. 
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31.  Connections  on  brass  pipe  and  between  brass  pipe  and  traps 
on  iron  pipe  must  not  be  made  with  slip  joints  or  couplings.  Threaded 
connections  on  brass  pipe  must  be  of  the  same  size  as  iron  pipe  threads 
for  same  size  of  pipe  and  be  tapered. 

32.  The  following  average  thicknesses  and  weights  per  linear  foot 
will  be  required: 


Diameters 

Thicknesses 

If  inches 

.14  inch 
.15  inch 
.20  inch 
.21  inch 
.22  inch 
.23  inch 
.24  inch 
.25  inch 
.28  inch 

2    inches    

2i  inches 

3    inches    

3^  inches 

4    inches    

4^  inches 

5    inches    

6    inches    

Weights  per  Lineal 
Foot 


2.84  pounds 

3.82  pounds 

6.08  pounds 

7.92  pounds 

9.54  pounds 

11.29  pounds 

13.08  pounds 

15.37  pounds 

19.88  pounds 


33.  Brass  ferrules  must  be  best  quality;  bell-shaped,  extra  heavy 
cast  brass,  not  Jess  than  four  inches  lon^:  'ind  two  and  one-quarter, 
three  and  one-half  inches,  and  four  and  one-half  inches  in  diameter, 
and  not  less  than  the  following  weights: 


Diameters 


2 J  inches 
3i  inches 
4s  inches 


Wcijjhts 


I  pound      0  ounces 

1  pound    12  ounces 

2  pounds    S  ounces 


'i4.     One  and  one-half  inch  ferrules  are  not  permitted. 

35.  Soldering  nipples  must  be  heavy  cast  brass  or  of  brass  pipe, 
iron  pipe  size.  When  cast  they  must  not  be  less  than  the  following 
weights: 


Diameters 

ij  inches     

2    inches    

2I  inches        

3    inches    

4    inches    

Weik'hts 


o  pounds     8  ounces 

0  pounds  14  ounces 

1  pound      ()  ounces 

2  pounds    o  ounces 

3  pounds     8  ounces 
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36.  Brass  screw  caps  for  cleanouts  must  be  extra  heavy,  not  less 
than  one-eighth  of  an  inch  thick.  The  screw  cap  must  have  a  solid 
square  or  hexagonal  nut,  not  less  than  one  inch  high,  with  a  least 
diameter  of  one  and  one-half  inches.  The  body  of  the  cleanout  ferrule 
must  be  at  least  equal  in  weight  and  thickness  to  the  calking  ferrule 
for  the  same  size  of  pipe. 

37.  Where  cleanouts  are  required  by  rules  and  by  the  approved 
plans  the  screw  cap  must  be  of  brass.  The  engaging  parts  must  not 
have  less  than  six  threads  of  iron  pipe  size  and  be  tapered.  Cleanouts 
must  be  full  size  of  trap  up  to  four  inches  in  diameter,  and  not  less 
than  four  inches  for  larger  traps. 

38.  The  use  of  lead  pipes  is  restricted  to  the  short  branches  of  the 
soil  and  waste  pipes,  bends  and  traps,  roof  connections  of  inside 
leaders.  "Short  branches"  of  lead  pipe  shall  be  construed  to  mean 
not  more  than: 

5  feet  of  1 2 -inch  pipe. 
4  feet  of  2-inch  pipe. 
2  feet  of  3-inch  pipe. 
2  feet  of  4-inch  pipe. 

39.  All  connections  between  lead  pipes  and  between  lead  and 
brass  or  copper  pipes  must  be  made  by  means  of  "wiped"  solder  joints. 

40.  All  lead  waste,  soil,  vent  and  flush  pipes  must  be  of  the  best 
quality,  known  in  commerce  as  "D,"  and  of  not  less  than  the  follow- 
ing weights  per  lineal  foot: 


Diameters 


i\  inches  (for  flush  pipes  only) 
i\  inches    

2  inches     

3  inches     

4  and  4^  inches 


Weights  per  Lineal  Foot 


2i  pounds 

3  pounds 

4  pounds 
6  pounds 
8    pounds 


41.  All  lead  tra[)s  and  bends  must  be  of  the  same  weights  and 
thicknesses  as  their  corresponding  pipe  branches.  Sheet  lead  for  roof 
flashings  must  be  six-pound  lead  and  must  extend  not  less  than  six 
inches  from  the  pipe,  and  the  joint  made  water-tight. 

42.  Copper  tubing  when  used  for  inside  leader  roof  connectioDS 
must  be  seamless  drawn  tubing,  not  less  than  22-gauge,  and  when 
used  for  roof  flashings  must  be  not  less  than  18-gauge. 

IV 
Genera/  A*ej^u/a/ions 

43.  The  entire  plumbing  and  drainage  system  of  each  building^  must 
be  entirely  separate  and  independent  of  that  of  any  other  building. 
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M.  Each  building  roust  be  separately  and  ra  depend  en  tly  connected 
with  a  public  or  private  sewer  or  cesi>piK>l, 

45*  Every  buUding  must  bave  its  sewer  connections  directly  in 
front  of  the  building,  unless  permission  is  t^Uierwise  granted  by  the 
Superintendent  of  Bnildiuf^s, 

46*  Where  there  is  ao  sewer  in  the  street  or  avenwe.  and  it  is  pos- 
sible to  construct  a  private  sewer  to  connect  in  an  adjacent  street  or 
avenue,  a  private  sewer  must  be  constructed.  It  tousI  be  laid  outside 
the  curb,  under  the  roadway  of  the  street. 

47»  Cesspools  and  privy-vaults  will  be  permitted  only  after  it  has 
been  shown  to  the  satisfaction  of  the  Superintendent  of  Buildings  that 
their  use  is  abso lately  necessary. 

IS.  When  allowed,  they  must  be  constmcled  strictly  in  accord- 
ance with  the  terms  of  the  permit  issued  by  the  Superintendent  of 
Buildings, 

49.  C^pools  must  not  be  used  as  privy-vaults.  Cesspools  and 
privy^vaults  must  be  at  least  twenty-five  feet  fr^>m  any  building*  and 
should  be  on  the  same  lot  with  the  building  for  which  its  use  is 
intended.  Cesspools  and  privy-vaults >  when  constructed  of  brick, 
tnust  be  eight  inches  thick;    of  stone,  tw^enty  inches  thick. 

60*     All  cesspools  and  privy -vaults  must  be  made  w^ater-tight, 

51,  As  soon  as  it  is  possible  to  connect  with  a  public  sewer*  the 
owner  must  have  the  cesspool  and  privy-vault  emptied,  cleaned  and 
disinfected,  aod  filled  with  fresh  earth,  and  have  a  sewer  connection 
made  In  the  manner  herewith  prescribed. 

h2.  All  pipe-lines  must  be  supported  at  the  base  on  brick  piers  or 
by  heavy  iron  hangers  from  the  cellar-reiling  beams,  and  along  the 
litie  by  heavy  iron  hangers  at  intervals  of  not  more  than  ten  feet. 

53,  All  pipes  issuing  from  extension  or  elsewhere,  which  would 
otherwise  open  within  thirty  feet  of  the  window  of  any  building,  must 
be  extended  above  the  highest  roof  and  well  away  and  above  all 
wmdows, 

M.  The  arrangement  of  all  pipes  must  be  as  straight  and  direct  as 
possible.     OflFsets  will  be  permitted  only  when  unavoidable, 

55,  All  pipes  and  traps  should,  where  possible,  be  exposed  to  view. 
They  should  always  be  readily  accessible  for  inspection  and  repairing, 

56.  In  every  building  where  there  is  a  leader  connected  to  the 
drain,  If  there  are  any  plumbing  fixtures,  there  roust  be  at  least  one 
four  (4)  inch  pipe  extending  above  the  roof  for  ventilation. 


Vardt  Ar£a,  aud  Oiher  Drains 

57,  All  yards f  areas,  and  courts  must  be  drained. 

58.  Lodging-houses    must    have  their  yards,   areas,   and    courts 
drained  into  the  iewer. 
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59.  These  drains,  when  sewer-connected,  must  have  connections 
not  less  than  three  inches  in  diameter.  They  should  be  controlled  by 
one  trap — the  leader  trap  if  possible. 

60.  Cellar  drains  will  be  permitted  only  where  they  can  be  con- 
nected to  a  trap  with  a  permanent  water  seal. 

61.  Subsoil  drains  should  discharge  into  a  sump  or  receiving- tank, 
the  contents  of  which  must  be  lifted  and  discharged  into  the  drainage 
system  above  the  cellar  bottom  by  some  approved  method.  Where 
directly  sewer-connected,  they  must  be  cut  off  from  the  rest  of  the 
plumbing  system  by  a  brass  flap  valve  on  the  inlet  to  the  catch-basin, 
and  the  trap  on  the  drain  from  the  catch-basin  must  be  water-supplied, 
as  required  for  cellar  drains. 

62.  Floor  or  other  drains  will  only  be  permitted  when  it  can  be 
shown  to  the  satisfaction  of  the  Superintendent  of  Buildings  that  their 
use  is  absolutely  necessary  and  arrangements  made  to  maintain  a 
permanent  water  seal  in  the  traps. 

VI 
Leaders 

(>3.  All  buildings  shall  be  kept  provided  with  proper  metallic 
leaders  for  conducting  water  from  the  roofs  in  such  manner  as  shall 
protect  the  walls  and  foundations  of  said  buildings  from  injury.  In 
no  case  shall  the  water  from  said  leaders  be  allowed  to  flow  upon  the 
sidewalk,  but  the  same  shall  be  conducted  by  pipe  or  pipes  to  the 
sewer.  If  there  be  no  sewer  in  the  street  upon  which  such  buildings 
front,  then  the  water  from  said  leaders  shall  be  conducted  by  proper 
pipe  or  pipes  below  the  surface  of  the  sidewalk  to  the  street  gutter. 

64.  Inside  leaders  must  be  made  of  cast-iron,  wrought  iron  or 
steel,  with  roof  connections  made  gas  and  water  tight  by  means  of  a 
heavy  lead  or  copper-drawn  tubing  wiped  or  soldered  to  a  brass 
ferrule  or  nipple  calked  or  screwed  into  the  pipe. 

()5.  Outside  leaders  may  be  of  sheet  metal,  but  they  must  connect 
with  the  house  drain  by  means  of  a  cast-iron  pipe  extending  vertically 
five  feet  above  the  grade  level. 

6().  Leaders  must  be  trapped  with  cast-iron  running  traps,  so 
placed  as  to  prevent  freezing. 

67.  Rain  water  leaders  must  not  be  used  as  soil,  waste  or  vent 
pipes,  nor  shall  any  such  pipe  be  used  as  a  leader. 

VII 
The  House  Seivcr,  House  Drain,  House  Trap^  and  Fresh- Air  Inlet 

68.  Old  house  sewers  can  be  used  in  connection  with  the  new 
buildings  or  new  plumbing  only  when  they  are  found,  on  examination 
by  the  plumbing  inspector,  to  conform  in  all  respects  to  the  require- 
ments governing  new  sewers. 
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69.  When  a  proper  foundation,  consisting  of  a  natural  bed  of 
earth,  rock,  etc.,  can  be  obtained,  the  house  sewer  can  be  of  earthen- 
ware pif)e. 

70.  Where  the  ground  is  made  or  filled  in,  or  where  the  pipes  are 
less  than  three  feet  deep,  or  in  any  case  where  there  is  danger  of 
settlement  by  frost  or  from  any  cause,  the  house  sewer  must  be  of 
extra  heavy  cast-iron  pipe,  with  lead-calked  joints. 

71.  The  house  drain  and  its  branches  must  be  of  extra  heavy  cast- 
iron,  when  underground,  and  of  extra  heavy  cast-iron  or  galvanized 
wrought-iron  or  steel  when  at>ove  ground. 

72.  The  house  drain  must  properly  connect  with  the  house  sewer 
at  a  point  two  feet  outside  of  the  outer  front  vault  or  area  wall  of  the 
building.  An  arched  or  other  proper  opening  must  be  provided  for 
the  drain  in  the  wall  to  prevent  damage  by  settlement. 

73.  If  possible,  the  house  drain  must  be  above  the  cellar  floor. 
The  house  drain  must  be  supported  at  intervals  of  ten  feet  by  eight- 
inch  brick  piers  or  suspended  from  the  floor  beams,  or  be  otherwise 
properly  supported  by  heavy  iron  pipe  hangers  at  intervals  of  not 
more  than  ten  feet.  The  use  of  pipe  hooks  for  supporting  drains 
is  prohibited. 

74.  No  steam-exhaust  boiler  blow-ofif  or  drip-pipe  shall  be  con- 
nected with  the  house  drain  or  sewer.  Such  pipes  must  first  discharge 
into  a  projjer  conden.sing  tank,  and  from  this  a  proper  outlet  to  the 
house  sewer  outside  of  the  building  must  be  ])n)vicle(l.  In  low- 
pressure  steam  systems  the  condensing  tank  may  he  omitted,  but  the" 
waste  connection  must  be  otherwise  as  above  required. 

75.  The  house  drain  and  house  sewer  must  be  run  as  direct  as 
possible,  with  a  fall  of  at  least  one-quarter  inch  per  foot,  all  chanijes 
in  direction  made  with  proper  fittings,  and  all  connections  made  with 
Y  branches  and  one-eighth  and  one-sixteenth  bends. 

76.  The  house  sewer  and  house  drain  must  be  at  least  four  inches 
in  diameter  where  water  closets  discharge  into  them.  Where  rain 
water  discharges  into  them  the  house  sewer  and  house  drain  up 
to  the  leader  connections  must  be  in  accordance  with  the  following 
table: 


Diameter 


6  inches  . 

7  inches  . 

8  inches  . 

9  inches  . 


Pall  i  Inch  per  Foot    I  Fall  h  Inch  per  Foot 


5,ooo  square  feet      7,500  square  feet  of  drainage  of  area 

6,900  square  feet     10,300  square  feet  of  drainage  of  area 

9,100  square  feet  .  i3/»o<j  s(|uare  feet  of  drainage  of  area 

11,600  square  feet  I  17,400  square  feet  of  drainage  of  area 


77.     Full  size  Y  and  T  branch  fittings  for  handhole  cleanouts  must 
be  provided  where  required  on  house  drain  and  its  branches. 
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no  waste  pipe  connected   between   it  and  the  fixture.     Earthenware 
traps  must  have  no  vent-horns. 

95.     No  sheet  metal,  brick  or  other  flue  shall  be  used  as  a  vent-pipe. 

90.  The  sizes  of  vent-pipes  throughout  must  not  be  less  than  the 
following: 

For  main  vents  and  long  branches,  two  inches  in  diameter;  for  water- 
closets  on  three  or  more  floors,  three  inches  in  diameter;  for  other 
fixtures  on  less  than  seven  floors,  two  inches  in  diameter;  three-inch 
vent-pipe  will  be  permitted  for  less  than  nine  stories;  for  more  than 
eight  and  less  than  sixteen  stories,  four  inches  in  diameter;  for  more 
than  fifteen  and  less  than  twenty-two  stories,  five  inches  in  diameter; 
for  more  than  twenty-one  stories,  six  inches  in  diameter;  branch  vents 
for  traps  larger  than  two  inches,  two  inches  in  diameter;  branch  vents 
for  traps  two  inches  or  less,  one  and  one-half  inches  in  diameter. 

For  fixtures  other  than  water-closets  and  slop-sinks  and  for  more  than 
eight  (8)  stories,  vent-pipes  may  be  one  (1)  inch  smaller  than  above 
stated. 

X 

Traps 

97.  No  form  of  trap  will  be  permitted  to  be  used  unless  it  has  been 
approved  by  the  Bureau  of  Buildings,  and  no  masons*,  cess-pool,  bell, 
pot,  bottle  or  D-trap  will  be  permitted  nor  any  form  of  trap  that  is  not 
self-cleaning  nor  has  interior  chamber  or  mechanism,  nor  any  trap, 
except  earthenware  ones  that  depend  upon  interior  partitions  for  a  seal. 

98.  Every  fixture  must  be  separately  trapped  by  a  water-sealing 
trap  placed  as  close  to  the  fixture  outlet  as  possible. 

99.  A  set  of  wash  trays  may  connect  with  a  single  trap,  or  into  the 
trap  of  an  adjoining  sink,  provided  both  sink  and  tub  waste  outlets 
are  on  the  same  side  of  the  waste  line,  and  the  sink  is  nearest  the  line. 
When  so  connected  the  waste-pipe  from  the  wash-trays  must  be 
branched  in  below  the  water  seal. 

1(X).  The  discharge  from  any  fixture  must  not  pass  through  more 
than  one  trap  before  reaching  the  house  drain. 

101.  All  traps  must  be  well  supported  and  set  true  with  respect  to 
their  water  levels. 

102.  All  fixtures  other  than  water-closets  and  urinals  must  have 
strong  metallic  strainers  or  bars  over  the  outlets  to  prevent  obstruction 
of  the  waste-pipe. 

10.S.  All  exposed  or  accessible  traps,  except  water-closet  traps,  must 
have  brass  trap  screws  for  cleaning  the  trap  placed  on  the  inlet  side, 
or  below  the  water  level. 

104.  All  iron  traps  for  house  drain,  yard  and  other  drains  and 
leaders  must  be  running  traps  with  handhole  cleanouts  of  full  size  of 
the  traps  when  same  are  less  than  five  (5)  inches.  All  traps  under- 
ground must  be  made  accessible  by  brick  manholes  with  proper  covers. 
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105.  Overflow  pipes  from  fixtures  must  in  all  cases  be  connected  on 
the  inlet  side  of  traps. 

106.  All  earthenware  traps  must  have  heavy  brass  floor  plates 
soldered  to  the  lead  bends  and  bolted  to  the  trap  flange,  and  the  joint 
made  gas-tight  with  red  or  white  lead.  The  use  of  rubber  washers  for 
floor  c9nnections  is  prohibited. 

107.  No  trap  shall  be  placed  at  the  foot  of  main  soil  and  w^iste 
pi|>e  lines. 

108.  The  sizes  for  traps  must  not  be  less  than  those  givcMi  in  the 
following  table: 

Traps  for  water-closets      4    inches  in  diameter 

Traps  for  slop-sinks 2    inches  in  diameter 

Traps  for  kitchen  sinks 2    inches  in  diameter 

Traps  for  wash  trays 2    inches  in  diameter 

Traps  for  urinals 2    inches  in  diameter 

Traps  for  other  fixtures 1 J  inches  in  diameter 

Traps  for  leaders,  areas,  floor  and  other  drains  must  be  at  least 
3  inches  in  diameter. 

XI 
Safe  and  Refrigerator  Waste- Pipes 

109.  Safe  and  refrigerator  waste-pipes  must  be  of  galvanized  iron, 
and  be  not  less  than  one  and  one-quarter  {\\)  inches  in  diaincter,  with 
lead  branches  of  the  same  size,  with  strainers  over  the  inlets  secured 
by  a  bar  soldered  to  the  lead  branch. 

110.  Safe  waste-pipes  must  not  connect  directly  with  any  part  of 
the  plumbing  system. 

HI.  Safe  waste-pipes  must  discharge  over  an  oi)eii,  water  su])i)lie(], 
publicly  placed,  ordinarily  used  sink,  placed  not  more  than  three  and 
one-half  feet  above  the  cellar  floor. 

112.  The  safe  waste-pipe  from  a  refri}<erator  must  be  tmpped  at 
the  bottom  of  the  line  only,  and  cannot  distharj^e  uj)on  the  ground  or 
fl«K>r.  It  must  discharge  over  an  ordinary  portable  pan,  or  over  some 
properly  trapped,  water  supplied  sink,  as  above.  In  no  case  shall  the 
refrigerator  wa.ste-pipe  discharge  over  a  sink  located  in  a  room  used 
for  living  purposes. 

113.  The  branches  on  vertical  lines  must  be  made  by  Y  fittings, 
and  be  carried  up  to  the  safe  with  as  much  pitch  as  possible. 

114.  Lead  safes  must  be  graded  and  neatly  turned  over  bevel  strii)s 
at  their  edges. 

115.  Where  there  is  an  offset  on  a  refrigerator  waste-])ipe  in  the 
cellar,  there  must  be  cleanouts  to  control  the  horizontal  part  of  the  pipe. 

IKJ.  In  tenement  houses  the  refrigerator  waste -pipes  must  extend 
at>ove  the  roof,  and  must  not  be  larger  than  one  and  one-lialf  inches. 
nor  the  branches  smaller  than  one  and  one-quarter  inches. 
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117.  Refrigerator  waste-pipes,  except  in  tenement  houses,  and  all 
safe  waste-pipes,  must  have  brass  flap-valves  at  their  lower  ends. 

XII 

118.  In  lodging-houses,  factories,  workshops  and  all  public  build- 
ings the  entire  water-closet  apartment  and  side  walls  to  a  height  of 
six  inches  from  the  floor,  except  at  the  door,  must  be  made  waterproof 
with  asphalt,  cement,  tile,  metal  or  other  waterproof  material,  as 
approved  by  the  Bureau  of  Building^. 

119.  In  lodging-houses,  the  water-closets  and  urinal  apartments 
must  have  a  window  opening  to  the  outer  air;  if  three  stories  or  less  in 
height  they  may  have  such  window  opening  on  a  ventilating  shaft 
not  less  than  ten  square  feet  in  area. 

120.  In  all  buildings  the  outside  partition  of  such  apartment  must 
extend  to  the  ceiling  or  be  independently  ceiled  over,  and  these  par- 
titions must  be  air-tight.  The  outside  partitions  must  include  a  window 
opening  to  outer  air  on  the  lot  whereon  the  building  is  situated,  or 
some  other  approved  means  of  ventilation  must  be  provided.  When 
necessary  to  properiy  light  such  apartments,  the  upper  part  of  the  par- 
titions must  be  made  of  glass.  The  interior  partitions  of  such  apart- 
ments must  be  dwarfed  partitions. 

121.  The  general  water-closet  accommodations  for  a  lodging-house 
cannot  be  placed  in  the  cellar. 

122.  No  water-closet  can  be  placed  outside  of  a  building. 

128.  The  closets  must  be  set  open  and  free  from  all  inclosing 
woodwork. 

124.  Where  water-closets  will  not  support  a  rim  seat,  the  seat 
must  be  supported  on  galvanized-iron  legs,  and  a  drip-tray  must 
be  used. 

125.  Every  earthenware  closet  in  all  new  work  and  in  all  altera- 
tions where  it  is  not  impossible  to  use  it,  because  of  water-pipes  or 
other  obstructions,  must  be  set  on  a  natural  stone  slab.  Sand  or 
artificial  stone  or  tile  will  not  be  allowed. 

12().  All  water-closets  must  have  earthenware  flushing  rim  bowls; 
"pipe- wash"  bowls  or  hoppers  will  not  be  permitted. 

127.  Pan,  valve,  plunger,  off^set- washout  and  other  water-closets 
having  an  unventilated  space,  or  whose  walls  are  not  thoroughly 
washed  at  each  discharge,  will  not  be  permitted. 

128.  Long  hoppers  will  not  be  permitted,  except  where  there  is  an 
exposure  to  frost. 

V2M.  The  connection  of  traps  must  be  made  to  main  soil,  waste,  or 
vent  pipes,  by  means  of  lead  calked  or  screwed  joints.  Drip-trays 
must  be  enameled  on  both  sides  and  secured  in  place. 

VM).  In  all  sewer-connected  occupied  buildings  there  must  be  at 
least  one  water-closet,  and  there  must  be  additional  closets  so  that 
there  will  never  be  more  than  fifteen  persons  per  closet. 
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131.  In  ladg'Ing' houses  there  mu^t  be  one  water-c^osat  on  each 
floor,  and  where  Ihe^re  are  more  than  fifteen  persons  on  any  floor  there 
my  St  be  an  addltioual  water*clDset  6ii  that  floor  for  every  tifteen  addi- 
ttftnal  persons  or  fraction  thereof* 

132.  Water-closets  aud  urinals  must  never  be  connected  directly 
With  or  flushed  from  the  water-stipply  pipes. 

Lt3.  Water-closets  and  urinals  must  be  flushed  from  separate  cis* 
l^nison  each  floor,  the  water  from  which  is  used  for  no  other  purpose; 
where  flusho meters  are  used*  they  must  he  supplied  from  separate 
lanks  provided  for  that  purpose,  and  in  no  case  are  connections  to  be 
m£ide  direct  with  the  water  service  pipe. 

\IU,  The  overflow  of  cisterns  may  discharjje  into  the  bowls  of  the 
closet,  but  in  no  case  connect  with  any  part  of  the  drainaj^e  system. 

136*  Iron  water-closet  and  urinril  cisterns  and  automatic  water- 
closet  and  urioal  cisterns  are  prohibited. 

136.  The  copper  lining  of  water-closet  and  urinal  cisterns  must  not 
be  iij^bter  than  ten  (10)  ounce  copper. 

KIT.  Water-closet  flush-pipes  must  not  be  less  than  one  and  one^ 
fourth  inches  and  urinal  flush-pipes  one  (1)  inch  in  diameter,  and  if  of 
lead  must  not  weigh  less  than  two  and  one- half  pounds  and  two  pounds 
per  linear  foot^     Flush  couplings  must  be  of  full  size  of  the  pipe. 

I'M.  Latrine's  trough  water-close t^j  and  similar  appliances  may  be 
used  only  on  written  permit  from  the  said  Supedntendent  of  Buildings* 
and  must  be  set  and  arranged  as  may  be  required  by  the  terms  of  the 
permit* 

139.  All  urJnals  roust  be  constructed  of  materials  impervious  to 
tnojsture  ihal  it  will  not  corrode  under  the  action  of  urine.  The  floor 
iuid  wall  of  the  urinal  apartments  must  be  lined  with  simitar  non- 
iibmortx^nt  and  non-corrosive  material. 

1140.     The  platforms  or  treads  of  urinal  stalls  must  never  be  connected 
iitdependently  to  the  plumbing  system »  nor  can  they  be  connected  to 
any  safe  waste  pipe. 
ill .     Iron  trough  water-closets  and  trough  urinals  must  be  enameled 
or  gal  vanished. 
142.     In  lodging-houses  sinks  must  be  entirely  open,  oa  iron  legs  or 
brackets,  without  any  inclosing  woodwork. 
143.     Wooden  wash  tubs  are  prohibited*     Cement  or  artiflcial  stone 
tut>s  will  not  be  permitted  unless  approved  by  the  Bureau  of  Buildings, 
virli 


I 


xxn 


Wattr  Supply  fm  Fixtures 


114.  All  water-closets  and  uther  plumbing  fixtures  must  be  pro- 
vided with  a  sufficient  supply  of  water  for  flushing  to  keep  them  in 
proper  and  cleAnly  condition, 
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145.  When  the  water  pressure  is  not  sufficient  to  supply  freely  and 
continuously  all  fixtures,  a  house  supply  tank  must  be  provided,  of 
sufficient  size  to  afford  an  ample  supply  of  water  to  all  fixtures  at  all 
times.  Such  tank  must  be  supplied  from  the  pressure  or  by  pumps, 
as  may  be  necessary;  when  from  the  pressure,  ball-cocks  must  be  pro- 
vided. 

146.  If  water  pressure  is  not  sufficient  to  fill  house-tank,  power 
pumps  must  be  provided  for  filling  them  in  lodging-houses,  factories 
and  workshops. 

147.  Tanks  must  be  covered  so  as  to  exclude  dust,  and  must  be  so 
located  as  to  prevent  water  contamination  by  gas  and  odors  from 
plumbing  fixtures. 

148.  House  supply-tanks  must  be  of  wood  or  iron  or  of  wood  lined 
with  tinned  and  planished  copper. 

149.  House-tanks  must  be  supported  on  iron  beams. 

150.  The  overflow  pipe  should  discharge  upon  the  roof,  where  pos- 
sible, and  in  such  cases  should  be  brought  down  to  within  six  (6)  inches 
of  the  roof,  or  it  must  be  trapped  and  discharged  over  an  open  and 
water-supplied  sink  not  in  the  same  room,  not  over  31  feet  above  the 
floor.  In  no  case  shall  the  overflow  be  connected  with  any  part  of  the 
plumbing  system. 

151.  Emptying  pipes  for  such  tanks  must  be  provided,  and  be  dis- 
charged in  the  manner  required  for  overflow  pipes,  and  may  be 
branched  into  overflow  pipes. 

152.  No  service-pipes  or  supplying-pipes  should  be  run,  and  no 
tanks,  flushing  cisterns  or  water-supplied  fixtures  should  be  placed 
where  they  will  be  exposed  to  frost. 

153.  Where  so  placed  they  shall  be  properly  packed  and  boxed  in 
such  a  manner  as  to  prevent  freezing. 

XIV 

Testing  the  Pluvtbing  System 

154.  The  entire  plumbing  and  drainage  system  within  the  building 
must  be  tested  by  a  plumber,  in  the  presence  of  a  plumbing  inspector, 
under  a  water  or  air  test,  as  directed.  All  pipes  must  remain  uncovered 
in  every  part  until  they  have  successfully  passed  the  test.  The  plumber 
must  securely  close  all  openings  as  directed  by  the  Inspector  of  Plumb- 
ing.    The  use  of  wooden  plugs  for  this  purpose  is  prohibited. 

155.  The  water  test  will  be  applied  by  closing  the  lower  end  of  the 
main  house  drain  and  filling  the  pipes  to  the  highest  opening  above 
the  roof  with  water.  The  water  test  shall  include  at  one  time  the 
house  drains  and  branches,  all  vertical  and  horizontal  soil,  waste  and 
vent  and  leader  lines  and  all  branches  therefrom  to  point  above  the 
surface  of  the  finished  floor  and  beyond  the  finished  face  of  walls  and 
partitions.    Deviation  from  the  above  rule  will  not  be  permitted,  unless 
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upon  written  application  to  and  approval  by  the  Superintendent  of 
Buildings.  If  the  drain  or  any  part  of  the  system  is  to  be  tested  sepa- 
rately, there  must  be  a  head  of  water  at  least  six  (6)  feet  above  all 
parts  of  the  work  so  tested,  and  special  provision  must  be  made  for 
including  all  joints  and  connections  in  at  least  one  test. 

156.  The  air  test  will  be  applied  with  a  force-pump  and  mercury 
columns  under  ten  pounds  pressure,  equal  to  twenty  inches  of  mer- 
cury.    The  use  of  spring  gauges  is  prohibited. 

157.  After  the  completion  of  the  work,  when  the  water  has  been 
turned  on  and  the  traps  filled,  the  plumber  must  make  a  peppermint 
or  smoke  test  in  the  presence  of  a  plumbing  inspector  and  as  directed 
by  him. 

158.  The  material  and  labor  for  the  tests  must  be  furnished  by  the 
plumber.  Where  the  peppermint  test  is  used,  two  ounces  of  oil  of 
peppermint  must  be  provided  for  each  line  up  to  five  stories  and  base- 
ment in  height,  and  for  each  additional  five  stories  or  fraction  thereof 
one  additional  ounce  of  peppermint  must  be  provided  for  each  line. 
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8EWER.GA8    TRAPS 

1.  Introduction. — Sewage  is  composed  of  water  mixed 
with  kitchen  slops,  grease,  soap,  urine,  washings  from  stables 
and  slaughterhouses,  rags,  leaves,  paper,  human  excreta,  etc. 
The  animal  and  vegetable  matters  in  it  rapidly  decompose 
and  generate  noxious  gases;  the  combination  of  these  is 
called  se-wer  g^as.  These  gases  inevitably  produce  sickness 
if  they  escape  into  a  dwelling,  or  if  they  are  breathed  in  any 
considerable  quantity  for  even  a  few  minutes.  A  small  leak 
of  sewer  gas  into  a  house  may  cause  much  sickness  that  will 
probably  be  ascribed  to  other  causes.  Many  people  endure 
a  small  amount  of  bad  odor  rather  than  send  for  a  plumber, 
and  are  unwilling  to  believe  that  a  small  defect  in  the  drain- 
age can  do  much  mischief. 

To  prevent  sewer  gas  entering  a  building,  traps  and  vents 
are  used;  these  are  not  luxuries,  but  are  absolutely  necessary 
to  the  health  of  the  community.  A  trap  should  be  placed 
under  each  bathtub,  wash  basin,  sink,  water  closet,  or  urinal, 
and  to  each  set  of  laundry  tubs.  It  should  be  set  as  close 
to  the  fixtures  as  possible.  No  trap  should  be  placed  at  any 
point  where  it  will  check  the  free  circulation  of  air  through 
the  drainage  system. 

2.  General  Deserl^lon. — A  trap  is  a  device  that 
allows  the  free  passage,  through  it,  of  liquids  and  such  solid 
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matter  as  the  liquid  may  carry,  but  prevents  the  passage  of 
air  or  gas  in  either  direction.  The  simplest  form  of  trap, 
shown  in  Fig.  1,  consists  of  a  downward  loop  in  a  horizontal 
pipe.  Whenever  water  is  run  through  the  pipe,  enough  will 
be  retained  to  fill  the  bend  and  prevent  air  or  gas  at  atmos- 
pheric pressure   from   passing.     If    the   air  has  sufficient 


pressure  it  may  force  the  water  down  on  one  side  of  the 
bend  and  up  on  the  other,  until  the  air  can  escape  past  the 
bend  B^  and  bubble  upwards  through  the  water.  The  differ- 
ence between  the  level  of  the  water  when  quiet,  as  at  ^,  and 
the  point  /?,  is  called  the  seal  of  the  trap. 

3.  Fig.  1  shows  the  principle  of  the  class  called  round 
pipe,  or  Dn  Bols,  traps.  The  common  forms  of  round  pipe 
traps  are  shown  in  Fig.  2. 

The  trap  at  A  is  known  as  an  S  trap^  and  is  used  chiefly 
under  fixtures  where  the  waste  pipe  descends  to  the  floor. 
A  half  S  or  P  trap  is  shown  at  //;  this  is  used  chiefly  to  join 


(!^  1!^  l!^  =^= 


Fig.  2 

fixtures  to  a  nearly  horizontal  waste-pipe  branch.  The  three- 
quarter  S  trap  at  C  is  used  chiefly  to  join  fixtures  to  a 
Y  branch  in  a  soil  pipe  where  the  distance  between  the  trap 
and  the  branch  is  short.  The  runnini!^  trap  at  D  can  only 
be  used  on  a  nearly  horizontal  waste  pipe.  It  is  often  used 
as  a  bath  trap,  being:  placed  under  the  floor.  The  hunchback 
trap  at  E  is  used  on  a  vertical  pipe  where  it  is  desired  to 
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have  the  inlet  and  outlet  in  the  same  straight  line.     It  is  not 

used  as  much  as  the  other  forms. 

4»  In  some  traps,  as  in  Fi^.  Z,  the  end  of  the  discharge 
pil>e  is  submerged  in  water.  Air  or  gas  can  pass  through 
this  trap  only  when  under  sufficient  pressure  to  depress  the 
water  below  the  end  of  the  tube. 

It  should  be  noted  that  a  much  higher  pressure  will  be 
required  to  force  gas  from  the  cup  up  the  tube  than  in  the 
uther  direction,  since  the  cup  is  of  larger  diameter  than  the 
tube,  and  contains  a  larger  vohune  of  water.  For  example, 
the  area  of  the  tube  is  1  nquarc  inch,  that  of 
the  cup  is  4  sqtiarc  inches,  and  the  height  of 
J/?,  or  the  seaK  is  2  inches.  To  blow  air 
down  the  tube  and  through  the  trap  requires 
a  pressure  sufficient  to  depress  the  water  in 
the  lube  C2  inches.  As  the  water  falls  in  C 
it  must  rise  in  D;  hence,  2  cubic  inches  of 
water  forced  out  of  C  will  raise  the  level  In 
i)  I  inch.  Consequently,  the  passage  of  the 
air  is  resisted  by  a  water  column  25  inches 
high*  Now,  to  force  air  in  the  opposite  direc- 
tion, or  backwards,  the  water  In  D  must  be 
depressed  2  inches,  or  fi  cubic  inches  of  water 
must  be  driven  intf*  the  tube  C\  This,  together  with  the 
2  inches  already  there,  will  fill  the  tube  to  a  height  of  8  inches. 
Then,  the  passage  of  air  backwards  is  resisted  by  a  waiter 
cohimn  K  inches  high,  or  three  times  as  much  as  in  the 
forward  direction. 

5.  A  toot  tie  trnp  is  shown  in  Fig,  4*  This  trap  is  used 
under  fixtures,  such  as  sinks,  baths,  basins,  or  wash  tubs, 
hut  never  under  water  closets.  The  inlet  pipe  A  is  attached 
to  the  fixture,  and  the  outlet  pipe  /?  joins  the  waste  pipe  D, 
of  which  the  part  Tftjrms  the  back-vent.  It  Is  next  to  impos- 
sible to  unseal  this  form  of  trap,  although  some  of  the  seal 
may  be  lost  by  siphonage;  from  this  fact  it  is  known  as  an 
antisiphoft  hap.  The  chief  objections  to  it  are  that  filth 
is  liable  to  accumulate  in  the  bottom  of  the  trap  and  grease 
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on  the  top  of  the  water  and  in  the  chamber  E,  and  that  the 
water  cannot  be  completely  renewed  every  time  the  fixture 
is  used;  in  other  words,  this  trap  is  not  self-cleansing. 

6.  A  modification  of  the  trap  illustrated  in  Fig.  4  is 
shown  in  Fig.  5.  This  form  is  more  direct  than  that  shown 
in  Fig.  4,  but  is  more  easily  unsealed.  However,  it  over- 
comes the  danger  of  drain  air  entering  the  building  through 
unseen  holes  in  its  interior,  as  would  occur  if  the  tube  A^ 
Fig.  4,  were  corroded  within  the  chamber  E.  Care  must  be 
taken  when  attaching  an  overflow  pipe,  for  instance,  from  a 
wash  basin,  to  any  form  of  a  trap,  particularly  to  those  of 
the  pot  or  bottle  formation,  to  have  the  overflow  properly 
sealed.  An  overflow  G  is  attached  to  the  body  of  the  trap 
in  Fig.  4. 

In  Fig.  5  the  trap  receives  waste  water  from  the  fixture  by 
the  pipe  A\  B  is  the  back- vent  pipe  and  C  the  waste  pipe. 


Pig.  4  Pio.  6 

The  arrows  with  feathers  show  the  direction  of  the  natural 
air-currents  in  the  drainaj^e  system. 

I^ottle  traps  are  also  known  to  the  trade  as  pot  traps  and 
druiii  traps. 

7.  Traps  may  be  divided  into  two  classes,  the  selMeans- 
iNsr  and  fioN'Se!f-c/ainshij;r^  the  round  pipe  trap  being  an  ^am- 
ple of  the  former  and  the  bottle,  or  pot  trap,  of  the  latter. 

In  Fig.  6  is  shon-n  a  round  pipe  trap,  and  in  Fig.  7,  a 
bottle  trap.     The  traps  are  shown  full  of  water  which,  for 
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prevented  from  entering  the  building  through  the  pipe  a  by 
easoii  of  the  tongue  c  of  the  trap  dipping  into  the  waten 
he  maximum  seal  is  shown  in  Kigs>  6  and  7;  the  water-line 

nnot  be  raised  without  catising  a  flow  of  water  through 
the  trap. 

In  order  that  the  water-line  exposed  to  the  drain  air  may 
\n  level  with  the  water-line  exposed  to  the  atmosphere,  the 
pressures  on  these  water-lines  must  be  equal.  If  they  are 
not  equaU  there  will  be  a  difference  in  the  water  levels 
sufficient  to  counterbalance  the  difference  in  pressures. 

Suppose  that  the  water  seals  of  the  traps  in  Figs,  6  and  7 
are  both  *!  inches  deep,  and  that  the  pressure  in  the  pipes  ^ 
is  greater  than  that  of  the  atmosphere  to  an  extent  equivalent 
to  that  of  a  column  of  water  h  inches  high.  The  effect  then 
will  be  to  depress  the  surface  of  the  water  in  the  outlet  end 
until  the  surface  of  the  water  in  the  inlet  pipe  Is  5  inches 
above  it,  as  shown  in  Figs.  8  antl  9.     This   will  produce 

;mlibnumt  because  the  atmospheric  pressure  on  the  surface 
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pressure,  is  5-^2  =  2|  inches,  showing  Ihat  only  3  —  2i 
=  i  inch  of  a  seal  remains  tn  keep  hack  the  drain  air*  See 
Fig.  8, 

The  loss  of  seal  in  the  bottle  trap,  Fig.  7,  is  not  so  irreat» 
even  thouj^h  the  same  head  of  water  has  hcen  formed  in  the 
inlet  pipe.  See  Fig.  9.  This  iK  due  to  the  fact  that  llic 
sectional  area  of  the  pot  is  greater  than  that  of  the  inlet 
tuhe*  and  J  of  course,  in  a  given  length  of  the  pot.  a  greater 
quantity  of  water  is  contained  than  in  the  same  length  of  the 
inlet  tube;  consequently,  a  much  higher  coliTmn  of  water 
must  be  formed  in  the  inlet  tube  before  the  seal  can  become 
as  low  as  that  in  Fig,  8, 

Suppose  that  the  sectional  area  of  the  pot  of  the  trap, 
Figs*  7  and  9,  is  20  square  inches,  then  20  X  3  =  CO  cubic 
inches  of  water  must  he  forced  into  the  inlet  tube  before 
drain  air  can  pass  through  the  trap.  If  the  sectional  ares  of 
the  inlet  pipe  is  4  square  inches »  the  height  of  the  column 
above  the  tongue  must  be  3  +  V  =  IS  inches,  before  the 
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seal  of  the  trap  is  forced.  A  back  pressure  of  about 
.7  pound  per  square  inch  will  be  required  to  accomplish  this. 
Thus,  it  will  be  seen  that  to  resist  back  pressure,  traps  of 
the  pot  design  should  be  used  in  preference  to  those  of  the 
round  pipe  forms;  but,  where  there  is  little  danjjer  of  back 
pressure  being  present  at  any  time,  the  round  pipe  trap  is 
preferable,  because  it  is  self-cleansing. 

8.  In  Fig.  10  is  shown  a  ball  trap,  in  which  a  trap  is 
combined  with  a  check-valve.  The  ball  valve  c  prevents  the 
return  of  either  liquid  or  gas,  and  the  liquid  around  the  ball 
keeps  the  seat  gas-tight.  The  weight  of  the  ball  is  but 
slightly  greater  than  that  of  the  water  displaced,  so  that  a 
very  slight  head  of  water  in  B  will  raise  the  ball.  This  trap 
is  particularly  suitable 
for  clean-water  fix- 
tures, such  as  basins 
or  baths,  which  are 
liable  to  remain  un- 
used a  sufficient  length 
of  time  to  permit  the 
water  in  the  trap  to 
become  evaporated 
and  its  seal  conse- 
quently lost.     In  such 

,  ,     ,^  .,^    •  Fk;.  10 

a    case    the    ball    will 

form  a  nearly  gas-tight  joint  with  its  seat  and  prevent  the 
passage  of  drain  air  to  the  building.  This  and  all  other 
traps  having  the  waterway  restricted  by  mechanical  appliance, 
such  as  check-valves,  are  liable  to  choka^c  by  the  accumula- 
tion of  hair,  small  pieces  of  rags,  sptMiges,  and  even  matches. 
The  position  of  the  ball  when  water  passes  through  the 
trap  is  shown  by  dotted  lines.  It  cannot  enter  the  trap  out- 
let pipe,  as  the  space  between  the  lip  a  and  the  handhole 
cover  D  is  too  small. 

9.  A  hell  trap  is  shown  in  Fig.  11.  In  it  the  seal  is 
formed  by  the  bell  a  susj)ended  from  the  strainer  b  and 
dipping   into  a  small  pool  of  water  formed  by  the   waste 


8 


TRAPS  AND  VENTS 


outlet  c  projecting:  into  the  trap  casting:.  The  chief  objec- 
tions to  the  bell  trap  are:  (1)  It  soon  becomes  choked  by 
sediment  lodg:ing  in  the  bottom,  which  cannot  be  removed 
without  lifting:  off  the  bell.  This,  for  the  time  being:, 
permits  open  communication  between   the   drains   and  the 


Fig.  u 


building:.  (2)  It  is  easily  siphoned.  (3)  The  seal  quickly 
evaporates  if  the  trap  is  not  used.  In  fact,  the  bell  trap  has 
no  redeeming:  features,  and  should  be  abolished  in  house 
drainag:e  systems. 

10.  Coxnparlsous. — The  requirements  of  a  g:ood  trap 
are:  (1)  that  it  shall  entirely  and  effectually  prevent  the 
passage  of  any  air  or  gas  from  the  waste  pipe  into  the 
house;  (2)  that  it  shall  be  so  constructed  that  it  can  be 
readily  cleaned;  (3)  that  it  shall  clean  itself  on  all  ordinary 
occasions. 

Round  pipe  traps  usually  have  the  same  diameter  throug:h- 
out  and  freely  pass  nearly  everything:  that  cannot  g:et  into 
them;  but,  they  are  very  liable  to  become  useless  throug:h  the 
removal  of  the  water  that  seals  them,  by  siphonage  or 
evaporation. 

The  bottle  trap  can  seldom  be  emptied  or  its  security 
impaired  by  siphonage,  and,  as  it  contains  a  large  volume  of 
water,  it  will  withstand  evaporation  for  a  longer  time  than 
other  traps.     It  will  clog  easier  thetn  a  round  pipe  trap,  but 
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is  quite  as  easily  cleaned  when  the  screw  pluf?,  which  is  pro- 
vided for  that  purpose,  is  removed.  The  same  dcplh  uf  seal 
farms  a  more  effectual  barrier  against  the  back  flow  of  gma  in 
a  bottle  trap  than  in  a  round  pipe  trap* 

The  ball  (rap  shown  in  Fig.  10  cannot  be  easily  emptied  by 
siphonage.  When  the  water  evaporates  from  it,  the  sHme 
|ihat  coats  the  interior  of  the  trap  will  cement  the  ball  to  its 
and  raake  a  joint  that  will  be  practically  gas-tight,  pro- 
vided that  the  seat  be  free  from  shreds  of  cloth,  hair,  etc. 
The  usefulness  of  the  ball  is  very  apt  to  be  destroyed  by 
refuse,  in  which  case  it  is  worse  than  an  ordinary  trap. 

Traps  for  outdoor  service,  to  receive  surface  water  from 
courts,  areas,  roofs  etc.,  should  have  a  deep  seal,  from 
8  inches  to  1  foot,  according  to  the  warmth  and  length  of  the 
dry  seasons. 

Check-valves  should  not  be  used  in  place  of  traps,  because 
they  are  very  liable  to  be  prevented  from  closing  properly  by 
the  lodgment  of  refuse,  such  as  strings,  rags,  paper,  etc*, 
between  the  valve  and  its  seat. 

All  traps  should  have  a  cleaning  hole.  The  screw  plug 
that  is  used  to  close  the  hole  should  he  of  such  shape  and 
size  that  a  wrench  can  be  applied  to  it  firmly  and  safely.  Lead 
traps  should  correspond  in  thickness  to  that  of  the  pipes  they 
Ljoin.  and  brass  traps  should  be  equal  in  thickness  to  the 
I  walls  of  iron  pipe.  When  brass  pipe  is  used  to  connect  a 
trap  to  a  drainage  system,  it  should  be  of  iron-pipe  size  and 
the  threads  should  be  the  same  as  for  iron  pipes. 


11»  Bath  Traps. — Traps  for  bathtubs  are  generally 
made  of  lead  and  located  below  the  floor  of  the  room  in 
which  the  tub  is  situated.  The  plumbing  ordinances  of  some 
localities  require  that  a  round  pipe  trap  be  used  for  bathtubs, 
because  round  pipe  traps  are  self*cIeansiog,  prohibiting  the 
use  of  drum  traps  because  they  are  liable  to  become  foul 
from  the  accumulation  of  slime  on  the  unsecured  parts* 
Laws  of  other  cities  require,  on  the  other  hand,  that  dnim 
traps  be  used  under  bathtubs  because  they  contain  a  large 
body  of  water  and  a  deep  seal,  and  prohibit  tbe  use  of  round 
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pipe  traps  because  of  their  liability  of  loss  of  seal  by  evapo- 
ration. Hence,  in  the  use  of  traps,  the  plumber  must  be 
governed  by  the  requirements  of  the  pliunbing  laws  of  the 
city  in  which  the  work  is  to  be  done.  Copies  of  the  Health 
Rules  and  Regulations  of  any  city  may  be  had  by  applying 
to  the  Board  of  Health  or  plumbing  inspector  of  the  city. 

12,  Fig.  12  shows  a  round  pipe  trap  for  a  bathtub  waste 

pipe  located  between  the 
bathroom  floor  and  the 
ceiling  below.  When  a 
closet  or  pantry  is  located 
below  the  bathroom,  the 
clean-out  screw  a  of  the 
trap  b  may  be  allowed 
to  project  through  the 
ceiling,  as  shown  in 
the  illustration.  This 
permits  the  trap  to 
be  cleaned  without  dis- 
turbing the  floor  or  ceiling,  on  removal  of  the  trap  screw. 

13.  Drum  traps  may  be  obtained  from  dealers  in  plumbers* 
supplies,  or  may  be  made  by  the  plumber  on  the  job.  Fig.  13 
shows  a  drum  trap  made  from  a  piece  of  4-inch  drawn  lead 
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pipe  a,  which  forms  the  body  of  the  trap.  The  bottom  is 
formed  by  beating  the  end  over  in  the  form  of  a  dome  and 
soldering  it  water-tight.  The  inlet  pipe  b  joins  the  body  near 
the  bottom,  and  the  waste  pipe  c  is  connected  near  the  top, 
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thus  leaving  a  body  of  water  about  3  or  4  inches  deep  to  form 
the  seal  of  the  trap.  When  set  in  place,  the  top  of  a  drum 
trap  for  a  bathtub  is  allowed  to  project  through  the  bathroom 
floor,  where  it  connects  to  the  sleeve  of  a  clean-out  screw  d 
by  means  of  a  wiped  flange  joint.  The  clean-out  screw 
should  be  the  full  size  of  the  body  of  the  trap,  and  should  be 
accessible,  as  shown. 

The  waste  pipe  is  vented  by  the  back-vent  pipe  e.  The 
space  between  the  ceiling  and  flooring  in  which  to  run  the 
waste  and  vent  pipes  from  a  bath  trap  is  usually  about 
10  inches.  It  is  well,  therefore,  to  keep  the  waste  pipe  as 
low  as  circimi stances  will  permit,  so  that  the  vent  pipe  will 
have  a  good  pitch  down  toward  the  trap  to  drain  any  water 
that  might  back  up  in  it  when  the  tub  is  being  emptied. 

14.  Closet  Traps. — Traps  for  all  forms  of  water  closets, 
excepting  siphon-jet  water  closets,  should  be  from  3^  to 
4  inches  in  diameter.  This  size  is  necessary  to  prevent 
frequent  chokage  during  rough  usage.  Siphon-jet  closet 
traps  should  preferably  have  the  same  diameter,  but  owing 
to  the  difficulty  of  producing  siphonic  action  thrcni^^h  larjjje 
traps  with  an  ordinary  flush  of  water,  these  water  closets 
are  usually  made  with  traps  so  constructed  that  a  2-inch  ball 
will  scarcely  pass  through  them.  These  traps  freciuently 
have  an  elliptical  cross-section. 

15.  Slop-Sink  Traps. — Traps  for  slop  sinks  are 
usually  made  of  porcelain-lined  iron,  ur  solid  pc^rcelain, 
and  are  located  above  the  floor,  where  they  serve  as  a 
pedestal  on  which  to  rest  the  sink.  They  are  usually 
3  inches  in  diameter.  Check-valves  or  mechanical  traps 
of  any  kind  should  never  be  used  for  water  closets  or 
slop  sinks;  they  would  only  oiler  lodging  places  for  the 
foul  matter  discharged  into  the  fixtures,  which  tends  to 
choke  such  traps. 

16.  Basin  Traps. — On  the  better  classes  of  work,  basin 
traps  made  of  cast  brass,  and  either  polished  and  lac(iuered 
or  nickel  plated,  are  generally  used.  Fig:.  14  shows  a  brass 
one-half  S  trap  a  with  an  offset  b  for  basin  connection  that 
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can  be  lowered  or  raised  to  suit  variations  in  the  height  of 
the  basin  waste  outlet,  due  to  inaccuracies  in  roughing  in. 
The  oflFset  may  also  be  swung  to  the  right  or  left  when  the 
outlet  to  the  basin  is  not  on  a  line  with  the  waste  outlet  c  in 
the  wall.     The  offset  is  made  tight  in  the  trap,  at  dy  by  means 


Fig.  14 

of  a  ring  packing,  compressed  by  the  union  so  as  to  form  a 
water-  and  gas-tight  joint.  The  couplings  is  used  to  connect 
the  trap  to  the  waste  spud  in  a  basin.  An  escutcheon  plate 
covers  the  opening  in  the  wall  through  which  the  waste  pipe 
extends. 


1 7.  The  joints  that  connect  the  horizontal  waste  pipe  to 
the  trap  and  to  the  T  piece,  shown  by  dotted  lines,  are 
screwed  joints.  Gasket  or  slip  joints  should  not  be  used 
here;  they  may  be  used,  however,  on  the  house  side  of  the 
trap  seal.  The  use  of  screwed  joints  insures  permanently 
gas-tight  joints  on  the  sewer  side  of  the  trap. 

There  is  a  great  variety  of  patent  basin  traps  on  the 
market,  but  the  simple  adjustable  trap  shown  in  Fig.  14  is 
quite  sanitary,  provided  that  the  waste  pipe  is  properly 
back-vented.  Basin  traps,  generally,  are  furnished  as  parts 
of  basin  combinations  sold  complete  by  the  supply  houses. 


shown  in  Fig.  15  fa).  The  vent  to  this  trap  is  located  back  of 
the  walU  so  that  oo  vent  pipe  is  e^cposed.  A  clean-out  screw 
4  makes  accessible  the  inside  of  the  nearly  horizontal  pipe 
hack  to  the  waste  and  vent  stack  b\  the  clean-out  screw  e  serves 
to  empty  the  water  from  the  seal  of  the  trap  and  permits  the 
dislodging  of  any  solid  matter  that  might  lodge  therein. 


,^ 
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In  Fig.  15  (d)  is  shown  a  one-half  S  trap  with  an  exposed 
back-vent  pipe;  the  trap  and  pipe  extend  to  the  wall,  where  they 
finish  with  escutcheons  a,  a\  A  similar  type  of  trap  is  shown 
in  Fig.  15  (r),  which  illustration,  however,  shows  a  full  S  trap 
that  wastes  through  the  floor  into  a  and  is  vented  through 
the  wall  into  d. 

19,  Within  recent  years,  many  cities  have  modified  the 
clause  relating  to  traps  in  their  Plumbing  Rules  and  Regu- 
lations, so  that  approved  antisiphon  traps  can  be  used  with- 
out being  back-vented.  Some  of  the  principal  antisiphon 
traps  on  the  market  are  shown  in  Fig.  16. 

Fig.  16  (a)  shows  a  ceutrifu^il  trap.  It  is  supposed  to 
be  both  antisiphon  and  self-cleansing.  The  cleansing  is 
accomplished  by  a  rotary  motion  given  the  inflowing  waste 
water,  by  the  inlet  being  connected  tangent  to  the  body  of 
the  trap.  The  centrifugal  force  of  the  flowing  water  carries 
the  heavier  particles  of  foreign  matter  to  the  outer  walls 
of  the  trap,  where,  after  scouring  the  inner  surface,  they 
finally  escape  with  the  water  through  the  trap  outlet. 

The  Bowser  trap,  Fig.  16  (A) ,  is  not  only  an  antisiphon  trap, 
but  also  contains  a  back-pressure  valve  in  the  form  of  a 
rubber  ball.  This  ball  prevents  the  seal  of  the  trap  being 
forced  by  back  pressure. 

Fig.  16  (c)  shows  an  antisiphon  trap  known  as  the  Sure 
Seal  trap.  An  inner  tube  rises  inside  the  body  of  the  trap,  as 
shown  by  dotted  lines,  flanges  being  allowed  to  project  into 
the  waterway  at  a  and  d  to  give  the  water  a  zigzag  motion. 

The  SanitiiK  trap,  shown  in  Fig.  16  (d),  is  one  of  the  first 
antisiphon  traps  that  was  placed  on  the  market.  It  depends 
for  its  ability  to  resist  siphonic  action  on  an  enlarged  cham- 
ber a  at  the  side,  and  a  partition  inside  to  deflect  the  water 
from  the  trap  outlet.  Like  the  other  types  of  antisiphon 
trap  it  is  made  in  S  and  half  S  patterns,  and  may  be  had  in 
rough  brass,  polished  brass,  nickel-plated  brass,  or  lead. 

In  Fig.  16  (e)  is  shown  a  Beniior  ^lobe  trap  ot  the 
half  S  pattern.  This  type  of  trap,  like  the  Bower  trap,  con- 
tains a  ball  to  seal  the  pipes  against  back  pressure. 


flti^li  with  the  floor  and  hence  show.  The  inlet  a  connects 
with  the  bath,  and  the  outlet  h  with  the  was^tc  pipe,  A  ball 
that  IS  heavier  than  water  may  he  placed  inside  the  trap  to 
cIojM2  the  inlet  opening  against  back  pressure. 
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20,  Sizes  of  Fixture  Traps. — Traps  for  fixtures  should 
correspond  in  size  to  the  waste  pipes  with  which  they  connect, 
and  should  be  set  true  with  respect  to  their  water  seals. 
The  following  table  gives  sizes  of  traps  for  different  kinds 
of  fixtures: 

TABLE  I 
SIZES    OF    FIXTURE    TRAPS 


Kind  of  Fixture 

Size  of  Trap 
Inches 

Kind  of  Fixture 

Size  of  Trap 
Inches 

Water  closet  .   . 
Slop  sink     .    .    . 

Urinal 

Wash  basin     .    . 
Laundry  tubs     . 
Kitchen  sink  .    . 

3  to  4 

3 

li  to  2 

li  to  2 

li  to  2 

Bathtub  .... 
Shower  bath  .   . 
Seat  bath   .    .    . 
Foot-bath  .    .    . 
Bidet 

li  t0  2 
li  t0  2 
litO   li 
lito  li 
li  to  li 

21.  Safe-Waste  Traps. — There  are  several  things  to 
be  considered  in  arranging  safes,  thie  most  important  point, 
because  it  is  one  that  affects  the  health  of  the  occupants  of 
the  house,  being  the  method  of  disposing  of  the  waste  water 
from  the  safe. 

While  sanitary  science  was  in  its  infancy,  and  before 
plumbing  rules  and  regulations  were  originated,  it  was  not 
uncommon  to  find  safe-waste  pipes  connected  to  soil,  waste, 
and  drain  pipes,  either  directly  or  by  means  of  a  trap  placed 
on  the  pipe  between  the  safe  and  its  connection  to  the  drain- 
age system.  This  method  of  disposing  of  the  safe  water 
was  found  to  be  exceedingly  dangerous,  and  today  is  strictly 
forbidden  in  plumbing  ordinances.  The  trap  rapidly  loses 
its  seal  by  evaporation  and  the  drain  gases  then  freely  escape 
into  the  building.  Safe-waste  pipes  should  discharge  over 
and  into  a  water-supplied  fixture  in  the  basement,  or  openly 
to  the  atmosphere  at  some  convenient  place,  a  swing  check- 
valve  being  placed  over  the  outlet  of  the  safe-waste  pipe. 

22.  Refrlprerator  Traps. — The  plumbing  rules  and 
regulations  of   the  different   cities   vary  somewhat   in  the 
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reguiretnents   for  trapping    refrigerators,   because  the  con- 

Editions  diifer  with  the  JocaUties.  Generally,  however,  the 
safe  wastes  from  refrigerators  are  required  to  discharge  over 
and  into  an  open  pan.  or  w^ater-supplted  sink  in  the  base- 
ment* and,  for  easy  access,  be  set  not  higher  than  3  feet 
I  inches  above  the  cellar  floor. 
Each  portable  refrigerator  should  be  trapped  under- 
oeath  to  prevent  the  culd  air  from  escaping  through  the 
waste  pipe,  and  the  ice  from  being  thus  wasted.  This 
trap  is  then  located  over  a  fnnnel-mouthed  waste  pipe  or 
a  safe  on  the  floor.  The  waste  pipe  from  the  funnel  or 
safe  should  have  a  trap*  usually  li  inches  in  diameter,  set 
close  to  the  floor.  The  waste  pipe  from  this  trap  is  run 
as  straight  as  possible  to  a  water-supplied  sink,  into  which 
it  discharges  Uirough  a  light  swing  flap  valve  over  the 
outlet  opening.  As  sawdust  and  slime  will  accumulate  in 
refrigerator  pipes  and  traps,  it  is  necessary  to  attach  clean- 
ont  screw-caps  to  them  for  cleaning-out  purposes,  at  all 
changes  in  direction. 


23,  Trap  Screws, — Brass  trap  screws  should  be  placed 
in  all  fixture  traps,  excepting  water-closet  traps,  to  permit 
cleaning.  They  should  be  located  below  the  water  seal  so 
that  in  case  they  are  not  perfectly  gas-  and  water-tight  the 
leakage  of  water  will  give  notice  that  something  is  wrong* 
Clean-out  screws  should  also  be  placed  in  the  end  of  all 
horizontal  runs  of  pipe  to  fixtures,  and  should  be  located 
at  stiitable  intervals  in  waste  pipes  from  kitchen  sinks  or 
other  fixtures  into  which  targe  quantities  of  greasy  water 
are  discharged. 

It  is  good  practice  to  place  a  clean-out  screw  in  lead  or 
iron  vent  pipes,  within  6  inches  of  fixture  traps,  in  such  a 
position  that  the  junction  of  the  vent  with  the  waste  pipe 
may  be  examined  and  obstructions  dislodged*  This  is  of 
more  importance  in  connection  with  the  waste  pipe  from  a 
kilchen-sink  trap  than  with  the  waste  pipes  from  other 
fixture  traps,  because  sink  waste  pipes  are  especially  liable 
to  become  choked,  chiefly  by  grease. 
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In  Fig.  17  a  clean-out  screw  a  is  shown  wiped  to  a  lead 
back-vent  pipe.  Should  the  waste  pipe  b  or  the  vent  pipe  c 
become  choked,  a  wire  or  a  bamboo  rod  can  be  introduced 
through  the  clean-out  opening  to  remove  the  obstruction. 


Fio.  17 

The  clean-out  screw  also  provides  an  opening  through 
which  the  junction  of  the  vent  pipe  with  the  waste  pipe 
can  be  examined  to  see  whether  the  opening  has  become 
clogged  with  grease. 

Clean-out  screws  with  ground  joints,  that  is,  those  that 
are  made  tight  by  an  intimate  metal-to-metal  contact,  should 
be  used  in  preference  to  those  that  depend  on  a  gasket  for  a 
tight  joint,  since  the  gasket  will  rot  in  time. 


GREASR    TRAPS 

24.  Purpose. — Grease  proves  very  troublesome  in  a 
house-drainage  system  on  account  of  its  tendency  to  choke 
the  pipes.  While  accompanied  by  hot  water  the  grease  is 
liquid  and  readily  runs  out  of  the  sink,  but  as  soon  as  it 
encounters  the  cold  surface  of  the  waste  or  drain  pipe,  it 
solidifies  and    adheres  to  the  pipe,  reducing   its  area  and 
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eventually  choking  it.  Hence,  it  is  advisable  to  provide 
means  that  prevent  tile  grease  entering  the  wasite  pipes* 
In  practice  the  devices  adopted  are  known  as  grease  inier- 
(^iers,  and   also  as  grease  traps. 

Groiiso  traps  are  divided  into  two  genera!  classes; 
ijamely,  those  in  which  the  grease  is  reduced  in  temperature 
until  it  reaches  the  point  of  solidification,  by  the  transmission 
of  heat  from  the  trap  to  the  atmosphere  surrounding  it;  and 
those  in  which  beat  is  transmitted  from  the  grease  and  water 
in  the  trap  to  a  colder  body  of  water  in  contact  with  it,  suchp 
for  instance,  as  a  water-jacket  around  the  space  containing 
the  grease  and  hot  water-  The  first  class  may  be  called 
a*r-(ooied  grease  Iraps,  and  the  second  class,  water-cooled 
^fiHt  traf^s. 

35.  Alr-Coole<l  Grease  Traps, — ^A  form  of  grease 
trap  belonging  lo  the  first  class  men- 
tioned in  Art.  24  is  shown  in  Fig.  18, 
where  a  is  a  fresh-air  inlet,  b  is  the 
pipe  leading  to  the  drain,  and  c  is 
the  waste  pipe  from  the  sink*  The 
cover  d  should  be  large  enough  lo 
readily  permit  the  inside  of  the  trap 
ttj  be  cleaned,  and  should  be  secured 
in  position.  The  grease  having  a 
density  less  than  that  of  water, 
accnmutates  to  a  layer  at  e,  and  if  ^''*'  ^^ 

allowed  to  become  cold,  solidifies  into  a  cake  that  can  easily 
he  removed. 

This  form  of  grease  trap  is  mostly  used  for  intercepting 
i:rcase  from  kitchen  sinks  in  large  country  buildings.  As 
the  trap  rouBt  be  large  in  order  to  prevent  the  grease  from 
entering  the  outlet  ^,  it  is  usually  placed  underground  as 
near  the  sink  as  possible* 

26*  Fig*  to  ilhtstrntes  a  slightly  different  form  of  an  alr- 
ofMiifMl  (jri*awo  imp,  and  shows  ils  application  to  a  kitchen 
sink.  Water  and  grease,  along  w^ith  all  other  matter  dis- 
charged from  the  sink»  enter  the  trap  a  through  the  inlet 
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pipe  h.  Solid  matter*  whose  specific  g^ravity  is  greater  than 
that  of  water,  will  settle  in  the  bottom  of  the  trap^  while  the 
solids  havini^  a  lower  specitic  gravity,  yrease  for  instance, 
will  float  at  t%  and  the  water  will  pass  through  and  out  of  the 
. trap,  as  shown  by  the 


I 
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arrows.  To  prevent  a 
direct  and  rapidly  (low- 
ing current  between 
the  inlet  h  and  outlet  r, 
a  solid  or  perforated 
partition  may  be  placed 
between  them,  as  M 
shown  at  /,  A  1-inch  ' 
or  1 1-inch  relief  pipe  s 
is  sometimes  run  from 
tlie  crown  of  the  trap 
or  pot  to  some  safe 
point  J  so  that  the  top 
of  the  trap  may  be  sub- 
ject to  atmospheric 
pressure  at  all  timesj 
this  will  prevent  gases 
from'  accumulating  in  the  top  of  the  trap  to  such  an  extent 
as  to  displace  the  liquid  under  them.  Accumulations  of 
grease  and  other  matter  can  be  removed  throu^^h  the  large 
brass  screw-cap  p^  and  any  chokage  of  the  outlet  pipes  can 
be  removed  through  a  2- inch  trap  screw  «-  M 

27.  It  will  be  seen  that  the  solidification  of  the  grease 
in  an  air-cooled  trap  depends  on  the  rapidity  of  the  trans- 
mission of  heat  from  the  trap  body  to  the  atmosphere  sur- 
rounding it.  This  transmission  will  be  very  slow,  because 
the  air  absorbs  the  heat  very  slowly,  and,  of  course,  it  will 
take  the  I  rap  a  long  time  to  cool  down*  The  slow  transmission  _ 
of  heat  from  the  water  in  the  trap  to  the  air  is  due  to  two  H 
causes »  which  are  peculiar  to  air.  The  first  cause  is  that  the 
layer  of  air  in  actual  contact  with  the  outer  surface  of  the  trap 
does  not  move  away  quickly  enough  to  allow  the  cold  air  to 
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be  brought  rapidly  in  contact  with  the  trap;  and,  as  air  is  a 
very  bad  conductor  of  heat,  this  layer,  or  film,  of  warm  air 
that  moves  slowly  over  the  hot  surface  of  the  trap  does  not 
permit  the  beat  to  be  conducted  through  its  body  to  the  cold 
air  arotuid  it.  The  second  cause  is  that  the  specific  heat  of 
air  is  very  low,  being  ,*J;^751  that  of  water;  consequently,  a 
very  larg^e  volume  of  air  must  travel  over  the  surface  of  the 
trap  and  absorb  the  heat.  Under  ordinary  circumstances, 
the  trap  shown  in  Figs.  18  and  19  will  not  accumulate  a  great 
quantity  of  grease  by  solidification  while  the  grease  is  pass- 
in  y^  through  the  body  of  the  trap;  it  will,  however,  allow  the 
grease,  which  is  lighter  than  the  water,  to  rise  to  the  top 
and  remain  there  in  a  liquid  state  until  the  trap  has  time  to 
cool  off.  To  allow  the  grease  to  rise  to  the  top^  the  trap 
body  must  be  large,  so  that  the  velocity  of  flow  of  the  liquid 
matter  through  it  will  be  low.  If  the  flow  is  loo  rapid,  the 
grease  will  simply  pass  out  with  the  water. 

If  a  large  volume  of  hot  water  flows  through  the  trap  at 
one  discharge,  molten  grease  is  liable  to  be  carried  into  the 
drainage  system. 
Grease  traps  similar  to 
those  shown  in  Figs,  18 
and  19  are  not  desir- 
able, beccmse  the  water 
in  them  soon  becomes 
saturated  with  gases 
emitted  from  the 
decomposing  solids, 
and  hence  the  cleaning 
of  such  traps  is  exceed- 
ingly disagreeable 
work- 


28»  When  a  grease 
trap  is  located  outside 
of  a  building,   it  may  fi**.  io 

he  placed  underground  and  joined  to  the  sink  as  shown  in 
Fig.  20,  particular  care  being  taken  to  guard  against  frost. 
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In  this  illustration,  the  sink  is  disconnected  from  the  grease 
trap  a  by  an  ordinary  round  pipe  S  trap  by  and  the  sink 
waste  pipe  c  delivers  above  the  grease  e  in  the  trap.  To 
carry  off  any  odor  arising  from  the  decomposition  of  matter 
in  the  trap,  a  pipe  d  is  run  up  to  and  above  the  roof,  the  sink 
trap  being  back-vented  into  it,  as  at  v.  This  prevents  the 
seal  of  the  trap  h  from  being  lost  by  siphonage.  Fresh  air 
enters  the  grease  trap  through  perforations  in  the  cover  .(^, 
mixes  with  the  gases,  and  carries  them  up  the  vent  pipe  d, 
as  shown  by  the  arrows.  A  trap  screw  n  is  placed  in  the  out- 
let pipe  o,  which  connects  to  the  main  house  drain,  or  sewer. 
This  trap,  it  will  be  observed,  depends  chiefly  on  the 
power  of  the  earth  around  it  to  conduct  heat,  and  on  the 
temperature  of  the  air  flowing  over  the  grease.  The  trap 
and  its  pipe  connections  are  easy  of  access,  as  the  cover  ^ 
is  removable. 

29.  Wator-Coolccl  Grease  Traps. — Fig.  21  illustrates 
the  construction  of  one  form  of  a  watei'-coolecl  prrease 
trap,  known  also  as  a  chilling  trap.  In  this  figure,  B  is  the 
waste  pipe  from  the  sink,  D  is  the  pipe  leading  to  the  drain, 
F  is  the  vent  pipe,  and  K  is  a  local  vent,  or  air-relief,  pipe. 
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The  contents  of  the  trap  are  chilled  by  means  of  cold  water  cir- 
culating through  the  jacket  A,  Commonly,  the  cold-water  sup- 
ply to  the  kitchen  boiler  is  used  for  this  purpose,  the  water 
entering  the  trap  through  //and  passing  to  the  boiler  through 
/.     The  grease  chills  into  a  cake  at  G  and  is  removed  by 
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opening  the  cover  /.     A  trap  screw  E  gives  access  to  the  trap 
outlet;  a  pelcock  L,  is  used  for  draining  the  water-jacket » 

The  separation  of  the  grease  will  be  more  perfect  in  this 
trap  than  in  tJie  K>n^  shown  in  Fig.  18,  because  the  layer  of 
grease  i^s  not  disturbed  by  the  water  entering  or  leaving  the 

trap.  In  Fig.  18,  the  entering 
water  passes  through  the  layer  of 
grease  and  is  liable  to  carry  some 
of  it  along  into  the  waste  pipe. 

30.  A  somewhat  different  form 
of  trap,  known  as  the  Tuckt.*r 
tmp,  is  shown  in  Fig.  22:  The 
trap  a  is  encircled  by  a  cold-water 

jacket  connected  up  to  a  kitchen 


^ 
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sink  nnd  the  water-supply  system.  Its  construction  is  smii* 
lar  to  that  shown  in  Fig.  19,  ^  being  the  inlet  pipe  and  €  the 
outlet.  The  internal  surface  of  the  trap  can  be  cleaned  and 
the  grease  removed  by  unscrewing  the  brass  cap/;  a  similar 
strew^cap  gives  access  to  the  outlet  pipe  c. 
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The  cold-water  supply  pipe  m,  which  furnishes  water  from 
the  street  mains,  or  other  source  of  supply,  connects  to  the 
bottom  of  the  water-jacket  and  leaves  it  at  the  top,  as  shown 
at  w,  before  it  supplies  the  boiler  by  the  pipe  g,  so  that  if  hot 
water  is  drawn  from  any  faucets  in  the  building,  a  corre- 
sponding quantity  of  cold  water  will  pass  through  the  water- 
jacket  and  act  as  a  cooling  medium  for  the  trap.  If  water 
for  drinking  purposes  should  be  drawn  from  the  sink  faucet  r, 
probably  it  would  be  better  to  take  its  supply  direct  from  the 
pipe  ;;/,  instead  of  from  w,  as  shown.  It  will  be  observed 
that  as  the  trap  is  connected  up  in  the  figure,  all  water  drawn 
from  the  hot-water  faucet  /  and  cold-water  faucet  r,  or  which 
passes  through  the  hot-water  pipe  s  and  cold-water  pipe  ^, 
must  first  pass  around  the  grease  and  water  in  a,  and  thereby 
rapidly  cool  off  the  contents,  allowing  the  grease  in  a  to 
solidify  quickly,  and  accumulate  on  the  surface,  as  at  e. 

Water-cooled  traps  may  be  made  considerably  smaller  than 
air-cooled  traps,  because  the  water  in  the  jacket  absorbs  heat 
from  the  water  in  the  trap  much  more  rapidly,  and,  of  course, 
the  grease  chills  quicker.  This  greatly  reduces  the  liability 
of  grease  passing  into  the  drain  pipes. 


LOSS    OF    SEAL.    IN    TRAPS 

31.  Foriuation  of  Vacuum  and  Pleiium. — A  vacuum, 
in  the  strict  sense  of  the  term,  is  a  space  void  of  matter  and, 
consequently,  void  of  pressure.  Custom,  however,  has 
broadened  the  application  of  the  term,  so  that  it  is  generally 
understood  to  mean  the  condition  existing  in  a  space  having 
a  lower  pressure  than  that  of  the  surrounding  atmosphere. 
More  correctly,  this  condition  should  be  called  a  partial 
vacuum,  to  distinguish  it  from  a  perfect  vacuum.  The  latter 
cannot  exist  in  nature,  because  it  is  impossible  to  remove  all 
matter  from  a  given  space;  the  nearest  approach  to  a  perfect 
vacuum  is  found,  in  practice,  above  the  mercury  in  a  high- 
grade  barometer. 

The  term  plenum  refers  to  the  condition  existing  in  a  space 
having  a  pressure  greater  than  that  of  the  atmosphere;  in 
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other  words,  it  denotes  the  fact  that  a  pressure  above  that  of 

the  atmosphere  exists  in  a  give  a  space, 

32.  It  IS  customary  to  assume  that  there  is  no  pressure 
on  the  vvalls  o(  the  lirain  pipes;  while  this  assumption  is 
usually  correct,  there  are  conditions,  however,  under  which 
a  partial  vacuum  or  a  plenum  may  exist  in  a  drainage 
system^  or  both  a  vacuum  and  a  plenum  may  exist  at  the 
same  time  in  different  parts  of  a  given  system.  When  all 
the  fluid  matter  within  the  system  is  at  rest,  and  the  system 
is  open  to  the  atmos- 
Jpbere  at  one  or  more  ■hi  TtVl 

itSi    the    pressure 

lin  the  system  is 
I  precisely  equal  to  that 
of  the  almu sphere 
around  it;  but  when 
Buids  are  in  motion,  the 
pressure  in  the  several 
parts  of  the  system  will 
vary,  being  greater  than 
tliat  tjf  the  atmosphere 
in  some  parts  and  less 
HiQ  others.  This  will  be 
particularly  noticeable 
if  the  pipes  are  smalli 
and  a  large  volume  of 

I  Water  flows  through 
Ihem. 
To  illustrate  how  a 
Iracutim  and  a  plenum 
ean  be  formed  in  a 
drainage  system,  and 
how  both  can  exist  therein  at  the  same  time,  consider  a 
single  apparatus  like  that  shown  in  Fig*  23,  The  vessels 
<l,^  are  filled  with  water,  the  cock  c  being  closed.  The  traps 
,«^,  f^/are  also  filled  with  water,  and  the  mouth  of  the  pipe^ 
|d  air-tight  with  a  rubl^er  stopper.     The  ends  of  the 
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other  tubes  are  all  open.  The  cock  c  is  now  opened  to  allow 
water  to  flow  from  a  into  h  with  a  volume  sufficient  to  fill 
the  pipe.  The  immediate  effect  will  be  a  compression  of 
the  air  in  /  due  to  the  weight  of  the  column  of  water  falling 
in  h.  The  compression  in  i  will  increase  until  it  is  great 
enough  to  force  the  seal  of  the  trap  /,  when  the  air  entrapped 
in  /  will  flow  through  /  to  the  outer  atmosphere,  and  /  will 
become  filled  with  water,  just  the  same  as  //.  While  the  air 
was  compressed  in  7,  the  water  in  the  tube  e  wa§  forced  up 
the  outlet  leg  of  the  tube  to  a  height  corresponding  with  the 
depth  of  the  seal  /,  and  the  water  in  d  also  rose  in  the  outlet 
leg  a  little,  but  not  so  much  as  in  e,  or,  perhaps,  it  remained 
practically  at  rest. 

If  the  experiment  is  actually  performed  with  the  appara- 
tus here  described,  it  will  be  found  that  when  the  air  was 
forced  out  of  /,  however,  and  water  took  its  place,  the  water 
in  e  fell  slightly,  and  the  water  probably  fell  a  considerable 
distance  in  d\  water  also  began  to  flow  from  b  into  y,  thus 
indicating  that  the  pressure  in  j  was  less  than  that  on  the 
surface  of  b,  because  fluids  also  flow  from  places  of  high 
pressure  into  places  of  lower  pressure.  As  the  water  flows 
from  b  through  /,  the  air  in  /  is  forced  into  the  pipe  //,  and  y, 
acting  as  the  long  leg  of  a  siphon,  soon  drains  the  vessel  b 
or  draws  the  seal  of  d.  This  shows  that  a  partial  vacuum 
has  been  formed  in  y,  and  a  plenum  in  /.  The  partial  vacuum 
in  y  was  caused  by  water  flowing  down  h,  carrying  with  it 
some  air  from  y. 

Suppose  that  c  be  closed,  the  stopper  taken  out  of  the 
mouth  of  the  tube  g,  the  water  blown  out  of  d,  and  a,  b^  e, 
and  /  be  filled  as  before,  and  thai  c  be  thpn  opened  again. 

The  water  from  a  will  flow  down  //  as  before,  and  will 
draw  air  from  y,  but  j  cannot  become  a  vacuum,  because  its 
top  is  now  open  to  the  atmosphere  iBy  means  of'the  unsealed 
tube  d.  Consequently,  atmospheric  air  will  flow  through  d 
into  y  to  take  the  place  of  that  being  drawn  from  it  by  the 
water  falling  in  //.  As  the  water  falls  from  h  into  1,  it 
simply  forces  the  air  in  /  to  the  outer  atmosphere  through 
the  open  tube  g,  and  so  the  seal  of  the  trap  e  is  unaffected. 
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This,  then,  is  a  safe  and  positive  method  of  preveiUiag  a 
pleoiim  or  vacuum  within  a  drainage  system. 

33.  Plenum  and  vacuum  actually  occur  in  some  drainage 
systems,  just  as  they  occurred  in  the  experiment  illustrated 
by  Fi^-  23.  A  partial  vacuum  may  be  so  high  as  to  cause 
atmospheric  pressure  to  force  the  seals  of  the  traps,  and  so 
allow  a  quantity  of  the  air  within  the  buildingf  to  flow  into 
that  part  under  a  vacuum.  A  plenum  may  be  high  enough 
iQ  cause  the  compressed  air  in  the  drain,  or  dead  end*  to 
force  the  seal  of  the  trap  outwards, 
and  su  allow  drain  air  in  the  plenum 
to  escape  into  the  building.  Both  a 
vacuum  and  a  plenum  are  very 
nndesirable  features  in  a  drainage 
system,  the  latter  being  considerably 
more  so  than  the  former»  because  in 
the  case  of  a  trap  forced  by  a  plenum^ 
foul  air  in  the  drains  is  positively 
forced  into  the  building,  while  in  the 
case  of  the  vacuum,  fresh  air  simply 
fiows  from  the  building  into  the 
drainage  system.  Whether  traps, 
whose  seals  are  forced  by  plenum  or 
vacuum,  will  be  entirely  unsealed, 
and  drain  air  permitted  free  access  to 
the  building  when  atmospheric  pres- 
sure again  prevails  throughout  the 
system,  will  depend  entirely  on  the 
construction  of  the  traps  and  the  rap  id- 
its?  with  which  their  seals  are  forced. 

34.  Los^  of  Seal  by  Slphoo- 
airei^^ — Probably  the  mtist  common  cause  of  traps  becoming 
unsealed,  that  is,  enough  water  being  lost  from  the  trap  to 
permit  gas  from  the  drains  to  enter  the  building,  is  siphonage. 

The  manner  in  which  siphonage  will  empty  a  trap  suffi- 
ciently to  unseal  it  can  be  shown  by  the  aid  of  the  expert- 
mental    apparatus   illustrated   in   Fig.   24,     This   apparatus 
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consists  of  two  vessels  a,  b  joined  by  a  glass  tube  having 
a  petcock  c  and  legs  dyC,  unequal  in  length,  as  shown. 
Close  the  petcock  r,  and  pour  water  very  slowly  into  a.  The 
water-line  will  rise  until  it  reaches  that  part  of  the  pipe  that 
passes  through  the  side  of  a,  when  it  will  rise  no  higher,  the 
water  simply  flowing  through  the  pipe  into  b.  If  the  pouring 
of  water  into  a  is  stopped,  water  will  soon  cease  to  flow  into 
b,  and  the  water-line  in  a  will  remain  level  with  the  tube 
(a  little  higher  than  shown  in  the  figure)  that  passes  through 
the  bung.  This  effect  is  called  an  overflow,  the  tube  d  being 
the  overflow  pipe. 

If,  however,  a  large  quantity  of  water  is  suddenly  poured 
into  a  and  the  water-line  observed,  it  will  be  found  that  it  will 
descend  until  it  reaches  the  orifice  of  the  pipe  e  that  dips 
in  a,  a  stream  of  water  at  the  same  time  flowing  into  b.  This 
effect  is  called  siphmiagey  the  tube  e  being  the  short  leg  and 
the  tube  d  the  long  leg  of  the  siphon,  and  in  this  instance 
water  will  be  siphoned  from  a  into  b.  The  cause  of  siphon- 
age  is  simply  unequal  pressures.  The  reason  that  siphonic 
action  did  not  take  place  when  the  water  was  poured  slowly 
into  a  is  that  the  volume  flowing  through  the  tube  d  was  not 
sufficient  to  fill  the  bore;  consequently,  the  pressure  in  the 
top  of  the  tube  was  practically  equal  to  that  on  the  surface  of 
the  water  in  a.  When  water  was  suddenly  poured  into  a,  the 
head  thus  formed  forced  enough  water  into  d  to  entirely  close 
its  bore  and  force  the  air  out  at  its  lower  end.  With  the  tube 
thus  discharging  at  its  full  capacity,  the  water  in  that  part  of 
the  tube  d  below  the  level  of  the  water  in  a,  or  the  head  of 
the  siphon,  caused  a  pressure  lower  than  that  of  the  atmos- 
phere in  the  top  of  the  siphon.  The  pressure  of  the  atmos- 
phere on  the  water  in  a  simply  forced  the  liquid  up  e  and  into 
the  tube  to  replace  that  flowing  from  it  into  b.  To  prove  that 
the  action  of  the  siphon  is  due  to  differences  in  pressures  and 
that  a  pressure  below  atmosphere  exists  in  the  top  of  the 
siphon,  let  the  petcock  c  be  opened;  air  will  instantly  rush  into 
the  tube,  thereby  chang:ing  the  pressure  within  the  tube  to 
that  of  the  atmosphere.  Since  the  pressures  inside  and  out- 
side the  tube  are  now  the  same,  the  water  in  the  short  leg  e 
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of  the  siphon  will  be  level  with  that  in  the  vessel^  and  ihe 
water  in  the  long  leg  will  How  into  ^,  and  be  replaced  by  the 
air.  By  introducing  a  sufficient  volume  of  air  into  the  top  of 
any  siphon,  the  si  phonic  action  can  be  destroyed.  Before 
siphon  age  can  take  place  the  outlet  end  of  the  siphon  must 
be  lower  than  the  level  of  the  water  to  be  siphoned. 


35.  Fig.  25  illustrates  one  of  the  many  cases  in  plumb- 
ing practice  where  stphonage  takes  place.  It  shows  a  trap  ^f, 
of  the  round  pipe  pattern,  attached  to  the  outlet  of  a  kitchen 
sink  Bt  and  instaUed  in  a  man- 
ner common  in  some  local t ties, 
although  prohibited  in  all  cities 
and  towns  protected  by  plumb- 
ing ordtnances. 

The  trap  is  shown  properly 
sealed;  the  depth  of  the  seal, 
which  is  the  distance  between 
a  and  d,  is  2  or2|  inches.  This 
forms  an  effective  barrier  to  the 
gases  in  c  and  prevents  their  t| 
entry  into  the  building  through 
the  sink  strainer. 

If  a  pail  of  water  is  poured 
into  the  sinki  the  water  will 
flow  through  the  trap  and  the 
waste  pipe  c,  entirely  filliiig 
their  bore;  consequently,  a 
siphon  is  formed,  of  which  e 

h  the  long  leg,  the  short  leg    -i^^rT  ^T^Sh 

being  formed  by  the  part  e  of 
the  trap*  The  instant  the  water 
leaves  the  sink  and  passes  the 
trap,  air  wnll  flow  through  the  trap  into  r,  with  a  loud 
sucking  or  gurgling  noise,  to  displace  the  water  in  i\  which 
flows  to  the  outlet*  Atmospheric  pressure  forces  the  water 
from  the  lower  curve  of  .i  into  r,  just  as  it  forced  water  from 
the  vessel  a  into  the  tube  </  of  Fig.  24,  and  the  water  in  the 
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trap  will  be  quickly  siphoned  out.  To  prevent  the  siphon- 
age  of  the  trap  shown  in  Fig.  25,  a  pipe  d,  indicated  by 
dotted  lines,  should  be  run  from  the  crown  of  the  trap  to  the 
atmosphere,  above  the  roof  for  instance,  to  prevent  unequal 
pressures  and  replace  with  air  the  water  flowing  through  e. 
The  best  plan  is  to  continue  the  cast-iron  pipe  C  up  to  and 
through  the  roof,  joining  the  waste  branch  c  and  the  air  pipe, 
or  back'Vait  pipe^  as  it  is  called,  to  the  vertical  pipe  with 
suitable  fittings  and  at  suitable  heights.  This  will  not  only 
prevent  siphonage  of  the  trap,  but  also  thoroughly  ventilate 
the  piping. 

36.     Tioss  of  Seal  by  Evaporation. — Any  trap  will  lose 
its  seal  by  evaporation  of  the  contained  water  if  the  fixture 

over  it  is  not  used  for  a  suffi- 
cient length  of  time.  The 
seal  of  an  ordinary  round  pipe 
trap  will  usually  be  broken  by 
evaporation  in  about  2  weeks, 
although  it  may  take  more  or 
less  time  to  do  this,  depend- 
ing on  the  state  of  the  weather 
and  the  rapidity  with  which 
air  travels  over  the  water  in 
the  trap. 

When  a  house  has  to  be 
left  unoccupied  for  a  long 
time,  especially  in  summer 
time,  it  is  good  practice  to 
fill  all  traps  with  crude  glycer- 
ine, whose  evaporation,  com- 
pared with  water,  is  very  slow. 

37,  Lioss  of  Seal  by 
Capillary    Attraction. 

Traps  will  often  lose  their 
seal  by  capillary  attraction,  that  is,  by  the  attraction  of  the 
molecules  of  a  liquid  for  each  other  and  a  solid  they  are  in 
contact    with.     There    are    many    different    ways    in   which 
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capillary  attraction  can  affect  traps;  one  of  these  ways  is 
illustrated  in  Fig,  26.  A  basin  a  is  connected  to  the  drain- 
age system  by  an  S  trap  ^,  A  piece  of  worsted  or  cotton 
twine  r  has  become  caugrht  over  the  strainer  bars  and  the 
bose  ends  at  first  hung  down  in  the  waste  pipe*  Water 
flowing  from  the  basin  has  worked  the  string^  through  the 
tnip  but  it  cannot  wash 
It  down  into  the  drain- 
age system .  This  strin g 
hy  capillary  attraction 
draws  the  water  ont  of 
the  trap  until  the  seal 
is  broken.  The  illustra- 
tion shows  how  the 
water  runs  off  the  end 
of  the  string  drop  by 
drop,  and  it  also  shows 
bow  sewer  gas  can  enter 
the  building  through  the 
trap  thus  unsealed.  The  direction  of  the  sewer  gas  is  shown 
by  the  arrows.  The  force  that  lifts  the  water  in  the  trap  and 
discharges  it  over  the  outlet  ridge,  thus  depositing  it  in  the 
waste  pipe,  is  sinlply  that  due  to  the  attraction  between  the 
liquid  and  the  surfaces  of  the  many  fibers  in  the  string,  and 
the  water  is  siphoned  out  of  the  trap  because  the  tail-end  of 
the  string  is  lower  than  the  water  in  the  trap. 
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18.  J4€%BH  of  Seal  by  rjeakn#re- — Traps  sometimes  lose 
ir  seals  by  leakage.     This  cannot  happen  with  all  styles 

[of  traps,  but  only  with  traps  that  depend  on  an  inner  partition 

lor  tube  for  a  seaL  Fig*  27  shows  such  a  trap  located  above 
a  bathroom  floor  and  connected  to  a  bath.     The  seal  of  the 

[trap  a  is  formed  by  the  waste  pipe  b^  which  continues  up 
inside  of  the  body  of  the  trap,  as  shown.  Should  a  hole 
corrode  through  the  tubing  r,  as  at  r/.  the  water  forming  the 

I  seal  of  the  trap  would  leak  into  the  waste  pipe  and  a  danger- 
ous passage  would  be  opened  between  the  house  drainage 
system  and  the  bathroom.     Danger  of  leakage  at  this  point 
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can  be  greatly  reduced,  however,  by  using  heavy   drawn 
copper  or  brass  tubing  for  the  inner  tube  c. 

39,  Lioss  of  Seal  by  Inertia. — If  a  ball  is  dropped  into 
a  smooth  round  pipe  trap  occupying  its  usual  position,  the 
ball  will  in  many  cases  roll  through  the  trap,  its  inertia  carry- 
ing it  up  the  trap  outlet  leg  against  the  action  of  gravity.  If 
water  is  allowed  to  flow  through  a  trap  in  a  full  stream  and 
the  water  supply  is  suddenly  stopped  while  air  is  allowed  to 
freely  follow  the  water,  the  inertia  of  the  water  flowing 
through  the  trap,  which  water  may  be  likened  to  the  ball 
previously  mentioned,  will  carry  a  large  part  of  it  out 
through  the  outlet  leg,  and  the  remainder  may  be  insufldcient 
to  seal  the  trap.  This  phenomenon  is  correctly  known  as 
loss  of  seal  by  inertia,  but  is  often  erroneously  called  loss  of 
seal  by  momentum.  It  is  particularly  liable  to  happen  in 
wash-basin  traps  of  the  round  pipe  form,  and  irrespective  of 
whether  they  are  back-vented  or  not.  To  prevent  this  trouble 
the  traps  should  have  a  diameter  greater  than  the  inlets  to 
them.  For  instance,  a  trap  that  has  an  inside  diameter  of 
I'l  inches  should  have  a  connection  to  the  basin  not  greater 
than  1 4  inches.  The  higher  the  velocity  of  the  water  flowing 
through  a  trap  and  the  more  sudden  the  supply  of  water  is 
shut  off,  the  greater  will  be  the  loss  of  seal  by  inertia.  To 
reduce  the  velocity  of  the  water  flowing  into  the  trap  as 
much  as  possible,  the  trap  should  be  connected  close  up  to 
the  fixture. 

40.  liOss  of  Seal  by  Oscillation. — Occasionally  the 
water  in  water-closet  traps  is  seen  to  oscillate,  that  is,  rise 
and  fall  in  the  trap  inlet.  This  is  due  to  variations  in  pres- 
sure between  the  air  in  the  rooms  and  that  in  the  plumbing 
system  due  principally  to  high  winds.  It  is  very  rare  that 
the  seals  are  lost  to  a  dangerous  extent  by  oscillation. 
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LOCATION    OF    BACK-VKNT    PIPE 

41.  The  back- vent  pipe,  that  is  to  say,  the  pipe  that 
joins  the  trap  to  the  outer  atmosphere,  either  directly  or  by 
being  connected  to  a  special  vent  stack,  does  a  double  duty. 
It  not  only  prevents  the  seal  of  the  fixture  trap  from  becom- 
ing siphoned  to  a  dangerous  extent,  but  also  acts  as  a  venti- 
lating pipe  that  removes  gases  of  putrefaction,  or  foul  air, 
from  the  waste-pipe  branch  to  the  plumbing  fixtures. 

The  back-vent  pipe  should  always  be  connected  to  that 
part  of  the  vent  stack  where  it  will  give  the  highest  effi- 
ciency; this  part  may  or  may  not  be  the  most  accessible  one. 
The  methods  of  joining,  and  the  points  from  which  the  back- 
vents  should  be  taken,  vary  with  existing  conditions. 

42,  To  effectively  carry  off  the  gases,  the  back-vent 
should  be  taken  from  or  near  the  highest  point  of  the  waste- 
pipe  branch,  or  in  other  words,  from  or  near  the  crown  of  the 
trap.  If  it  is  taken  from  the  waste  pipe  at  a  point  some 
distance  from  the  trap,  that  part  between  the  back-vent  con- 
nection and  the  trap  will  remain  un ventilated,  and  will  form 
a  dead  end;  in  other  words,  a  current  of  air  will  not  flow 
through  it,  and  consequently  the  gases  accumulating  in  the 
dead  end  can  only  be  removed  by  diffusion  with  the  air-cur- 
rent as  it  passes  from  the  waste  pipe  into  the  back-vent. 
But,  ventilation  by  diffusion  is  exceedingly  slow  and  unsatis- 
factory; the  gases  should  be  carried  off  by  actual  air-currents. 

To  effectively  prevent  the  siphonagc  of  a  trap,  the 
back-vent  pipe  should  not  only  be  connected  to  the  trap,  but 
should  have  a  sectional  area  sufficiently  large  to  furnish  the 
volume  of  air  at  atmospheric  pressure  required  to  replace  the 
water  flowing  through  the  waste  pipe. 
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CHOKED    VE^TS 

43.  It  is  evident  that  if  the  back-vent  pipe  should  become 
chuked  in  any  way,  foul  air  cannot  flow  from  the  waste  pipe; 
neither  can  air  enter  it  at  the  proper  point  to  prevent 
siphonage. 

There  are  several  ways  by  which  back-vents  may  be 
choked,    depending    on    the    circumstances. 

One  way  is  that  in  which  the  con- 
nections are  so  made  that  water  may 
flow  into  the  back-vent  and  deposit 
solids;  sand,  for  instance.  Another 
is  that  in  which  hot  water  carrying 
melted  grease  flows  into  the  back- 
vent,  and  part  of  the  grease  solidifies 
on  touching  the  colder  surface  of  the 
pipe,  thereby  adhering  to  it.  Refer- 
ring to  Fig,  28,  suppose  that  a  glass 
^  trap  of  the  form 

I  j  shown  at  a  is  at- 

J  J  tached  to  a  vessel  A, 

the  end  of  the  trap  _ 

that  passes  into  the  I 
vessel  being  pro- 
vided with  a  plug. 
Fill  the  vessel  with 
water  and  pult  out 
the  plug  so  that 
the  water  may  flow 
freely  into  and 
all  other  matter,  when  in 
motion,  tends  to  move  in  a  straight  line.  When  the  water 
from  the  vessel  i?  flows  down  the  tube  and  reaches  the  bend 
in  the  trap  a,  it  is  forcibly  deflected  and  made  to  flow  around 
the  curve;  when  it  -gets  around  the  curve,  however,  it  still 
tends  to  move  in  a  straight  line,  but  now  vertically  upwards. 
Since  the  tube  c  is  open  at  the  top,  the  water  will  naturally 
rise  until  it  reaches  a  certain  height  in  a  and  the  velocity  of 
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through  the  trap.     Water,  like 


I 


will  the  water  rise  ia  €. 
It  will  be  observed 
that  It  the  water  that 
rises  in  r  carries  ^ease 
J  a  mehec]  state,  part  of 
'  Sft  ijrease  will  solidify 
and  adhere  to  the  inter- 
nal surface  of  c,  form- 
ing a  film  of  grease, 
The  film  will  soon  be 
changed  into  a  scale, 
and  the  scale  into 

solid  plug  by  the  accumulation  of  a  little  grease  every  time 
such  water  rises  in  c. 

If  the  pipe  c  should  be  bent  over^  as  shown  by  dotted  lines, 
so  that  the  water  will  rise  into  the  part  r^  this  nearly  horizon- 
tal part  will  soon  become  choked,  and  probably  quicker  than 
the  vertical  pipe  r. 

44*  Back'veot  pipes  are  very  often  connected  to  round 
pipe  traps  in  the  manner  shown  in  Fig.  29,  which  manner  it 
will  be  noticed  is  equivalent  to  that  in  which  e^  Fig,  2H^  is 
connected.  Bo  lids  that  may  have  accumulated  in  the  trap 
while  small  quantities  of  water  pass  through  it,  may  be 
forced  up  the  back- vent  when  unusually  large  quantities  of 
water  pass  to  the  drains.  Such  solids  will  accumulate,  as 
shown  at  d,  and  the  vent  will  become  choked  whether  grease 
enters  it  or  not,  

CORRECT    BAC'K-VKNT    I'IFR    CONNECTIONS 

45.  Probably  the  best  method  of  connecting  the  back- 
vent  pipe  to  the  trap  is  that  shown  in  Rig.  30,  where  a  swan- 
neck  or  retnrn  bendfi  connects  the  vent  pipe  d  with  the  outlet 
end  of  the  trap.  In  this  case  the  water  will  simply  flow 
past  the  opening  of  the  back-vent  pipe  without  rising  in  that 


stack  b.  The  swanneck  curve  also  offers  little  resistance  ta 
the  llciw  of  air  in  the  piping,  and  consequently  the  ventilation 
of  the  waste  pipe  is  satisfactory*  fl 

If  drain  air  is  allowed  to  accumnlate 
in  a  long  branch,  or  dead  end,  the  metal 
composing  such  a  pipe  will  soon  corrode 
and  leaks  will  thus  be  formed.  Lead, 
especially,  is  very  susceptible  to  drain  or 
sewer  gases^and  unventilated  lead  waste 
/     r\^  pipes   not   only   soon   become   honey- 

^  X^  /  combed  with  numerous  small  holes,  but 

\^^^/  also   become  quite  rotten  and   brittle. 

^^  When   back-vent   pipes  are   properly 

applied,  they  not  only  protect  the  trap 
seals «  but  also  prolong  the  life  of  thi 
waste  pipes* 

46»    The  proper  method  of  connecting  the  back*vent  pipe 
to  an  S  trap  is  shown  at  A^  Fig.  3L    The  current  of  water 
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flowing  through  the  trap  will  induce  a  downward  current  of 
air  in  the  vent  pipe;  furthermore,  owing  to  the  direction 
of  the  current,  water  will  not  enter  the  vent  pipe,  and  hence 
no  grease  or  other  refuse  will  accumulate  in  that  pipe. 

47.     One  way  to  connect  a  vent  pipe  to  a  one-half  S  trap 
is  shown  in  Fig.  32  (a).     The  waste  pipe  a  connects  to  the 


ra 


(h) 


Fig.  32 


waste  stack  b  by  means  of  the  T  Y  fitting:  c.  The  continua- 
tion d  of  the  vertical  waste  pipe  forms  the  vent  pipe  for  the 
trap  e.  This  form  of  connection  can  only  be  used,  however, 
when  no  fixture  discharjres  into  the  waste  pipe  b  above  the 
branch  c.  When  there  are  fixtures  above  this  branch,  the  trap 
should  be  ventilated,  as  shown  in  Fig.  32  (^),  in  which  a 
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back-vent  a  is  connected  from  the  vent  stack  b  to  the  waste 
pipe  r,  close  to  the  vertical  waste  stack  d,  and  back  of  the 
partition  wall  c.  By  this  method  of  connection  the  back-vent 
pipe  is  hidden. 

48.  The  greatest  allowable  distance  of  the  vent  con- 
nection from  the  trap  depends  chiefly  on  the  pitch  of  the 
waste  pipe  that  connects  the  trap  with  the  drain  stack.  When 
the  waste  pipe  a  is  run  as  shown  in  Fig.  33,  the  vent  pipe  b 
should  connect  above  the  water  level  of  the  trap;  that  is,  the 


center  line  of  the  back-vent  pipe  should  not  intersect  the  sur- 
face of  the  waste  pipe  below  the  horizontal  plane  of  the  water 
level,  represented  by  the  line  c.  Should  the  intersection  be 
located  below  the  line  r,  there  is  a  liability  of  the  trap  being 
siphoned.  It  is  evident  that  the  nearer  horizontal  the  waste 
pipe  from  the  trap  to  the  drainage  system  is  laid,  the  farther 
from  the  trap  can  the  vent  pipe  intersect  it. 

49.  Vents  to  drum  traps  should  connect  to  the  waste 
pipe,  as  shown  in  Fig.  4,  and  not  to  the  crown  of  the  trap, 
as  shown  in  Fig.  5,  to  prevent  currents  of  air  coming  in 
contact  with  the  water  in  the  trap,  which  currents  will  tend 
to  evaporate  the  water  forming  the  seal. 

50.  It  sometimes  occurs  that  a  certain  fixture,  such  as  a 
wash  basin  or  a  set  of  laundry  tubs,  is  located  in  such  a 
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position  that  it  cannot  be  properly  buck- vented  without  great 
expense.  Fn  such  a  case  an  antisiphun  trup,  that  is,  a  trap 
embodyiog  the  principle  shown  in  Fi^.  4»  may  be  empluyed, 
although  it  is  better  practice  to  properly  back- vent  rej^ard* 
less  of  expense. 

51,  When  a  fixture  is  located  in  the  center  of  a  raum, 
the  extending  of  a  back-vent  pipe  to  the  ceiling  is  inadvisable, 
because  it  will  be  unsi^jhtly  aad  in  the  way.  The  trap  for  a 
fixture  so  located  may  be  back- vented  in  the  manner  shown 
in  Fig.  34.    The  vent  a  from  the  trap  ^  should  be  carried  up 
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to  the  imder  side  of  the  basin  slab  c,  then  returned  to  the 
fJDor  and  thence  run  between  the  floorbeams  with  a  slight 
fMll  toward  the  vent  stack  d.  This  arrangement  gives  a 
perfect  vent  connectton;  it  will  always  be  free  from  moisture 
because  this  can  drain  freely  to  the  vent  stack. 

52*  In  some  cases  where  the  location  of  the  fixture 
renders  the  installation  of  a  back-vent  pipe  difficult  and 
expensive,  a  device  called  an  antlslphoti  back -vent,  w^hich 
is  a  light  check- valve  sealed  by  mercury,  is  applied  to  the 
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crown  of  the  trap.  The  check-valve  is  arranged  to  open 
when  the  pressure  in  the  crown  of  the  trap  becomes  less  than 
that  of  the  atmosphere,  admitting^  air  in  that  case  and  thus 
stopping  siphonage.  The  valve  will  close  and  be  sealed  by 
the  mercury  when  sufficient  air  has  entered  the  trap.  An 
antisiphon  back-vent  may  not  only  be  rendered  useless,  but 
also  become  dangerous,  in  many  ways.  For  example,  the 
valve  may  stick,  or  the  mercury  be  lost  or  stolen;  the  gas  in 
the  drains  will  then  flow  through  the  valve  into  the  building. 
Hence,  most  sanitary  engineers  are  opposed  to  the  use  of 
antisiphon  back-vents,  preferring  to  install  proper  vent  pipes 
irrespective  of  cost. 
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INTRODUCTION 

1.  Drtvinagre  and  8eweraf<e. — In  sanitary  en^ineerinp^, 
the  subjects  of  drainage  and  sewerage  arc  so  iiiliniately 
associated  as  to  be  ahnost  inseparable.  In  general,  however, 
it  may  be  stated  that,  while  the  subject  of  sewerage  refers 
principally  to  the  removal  of  excreniental  or  human  refuse 
^nd  other  waste  matter  common  to  human  liabitalions,  the 
Subject  of  drainage  properly  relates  to  the  removal  of  storm 
Water  from  the  surface  and  subsoil.  All  water  given  l)y 
rain  storms  may,  without  impropriety,  be  called  storm 
>vttter.  This  name,  however,  is  commonly  aj)plied  to  the 
vater  from  rain  storms  that  does  not  soak  immediati-iy  into 
the  ground  nor  evaporate,  but  that  flows  away  over  ihe 
surface,  through  natural  channels  or  through  artificial 
Conduits. 

!Sj.  Municipal  Drainage. — In  rural  districts,  the  clrain- 
iige  may  be  for  the  purpose  of  reclaiming  and  improving 
low-lying  lands,  in  order  that  I  hey  may  be  utilized  for 
agricultural  purposes.  The  drainage  systems  constructed 
ivithin  the  limits  of  municipalities  are  not  commonly  for  this 
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purpose,  however,  but  for  the  purpose  of  removing  the 
storm  water  from  the  surface,  where  it  would  cause  more 
or  less  injury  to  habitations  and  inconvenience  to  the 
inhabitants,  and  from  the  subsoil,  where  it  would  become  a 
menace  to  health. 

3.  In  municipalities,  the  storm  water  is  generally 
removed  by  means  of  drains  or  sewers  constructed  for  the 
purpose.  The  storm  water  is  sometimes  conveyed  wholly 
by  the  street  gutters  and  in  open  conduits  without 
entering  the  sewers,  but  such  practice  is  not  common;  in 
most  cases,  it  is  led  into  the  sewers  by  the  most  direct 
routes.  The  latter  method  of  removing  the  storm  water, 
being  the  more  common  and  popular  and  by  far  the  better, 
will  be  the  method  considered  here.  In  some  cases,  the 
storm- water  drainage  is  conveyed  in  a  system  of  conduit? 
separate  from  that  in  which  the  sewage  is  conveyed;  that  is, 
th^  drainage  system  and  the  sewerage  system  are  entirely 
separate.  In  other  cases,  the  drainage  and  sewage  are 
removed  by  the  same  system  of  conduits;  that  is,  the  drain- 
age system  and  sewerage  system  are  coml)ined  in  one  sys- 
tem.    The  latter  system  is  the  more  common. 

4.  A  system  of  drainage  should  be  adequate  for  the 
prompt  removal  of  the  rainfall  from  the  surface  during  vio- 
lent storms,  including  also  such  animal  and  vegetable  refuse 
as  will  necessarily  be  removed  with  the  storm  water.  If 
this  is  accomplished,  and  the  drains  are  located  at  sufficient 
depth,  efficient  drainage  will  be  provided  for  the  subsoil. 

5.  In  designing  a  system  of  sewers  for  the  purpose  ot 
drainage,  the  principal  conditions  that  must  be  considered 
will  usually  be  as  follows: 

1.  The  area,  physical  outlines,  and  general  topographical 
features  of  the  district  to  be  drained  must  be  considered 
with  reference  to  the  natural  fiow  of  water  on  its  surface,  in 
order  that  tlie  sewers  may  be  located  as  nearly  as  possible 
in  the  natural  drainage  channels. 
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2.  The  rainfall  on  the  district  must  be  considered  with 
reference  to  the  maximum  intensity  of  precipitation  during 
a  period  of  time  sufficient  to  completely  charge  the  sewer. 

3.  The  general  character,  condition,  and  slope  of  the 
surface  must  be  considered  with  reference  to  the  pro[Kjrtion 
of  the  rainfall  that  will  probably  reach  the  sewer  during  the 
time  of  its  mai^imum  flow. 

4.  The  geological  character  of  the  district  must  be  con- 
sidered with  reference  not  only  to  the  depth  to  which  it  may 
be  desirable  to  provide  efficient  subsoil  drainage,  but  also 
with  reference  to  the  difficulties  to  be  encountered  in  the 
practical  construction  of  the  sewer. 

5.  The  location  of  the  outlet  of  the  sewer  must  be 
considered  with  reference  to  the  final  disposition  of  the 
drainage. 

These  various  conditions,  however,  are  not  wholly  inde- 
pendent of  one  another,  and  the  consideration  of  any  one  of 
them  will  usually  involve  some  consideration  of  certain  fea- 
tures of  the  others. 


PHYSICAL  OUTJLINK  OF   OltAlNAC^K    IHSTKK  T 

6.  Klevatetl  Ijoi*atloii. — The  physical  characlt-r  of  the 
district  should  be  carefully  studied.  If  the  location  of  the 
district  be  near  a  summit  or  quite  elevated,  with  the  sur- 
face sloping  in  such  a  manner  as  to  afford  ample  channels  of 
natural  drainage,  the  problem  of  artificial  drainage  will  be 
very  simple.  In  such  case,  the  lines  of  drainai;e  sewers  are 
located  along  such  routes  as  most  nearly  follow  the  natural 
drainage  channels,  leading  to  such  natural  outlet  as  may  be 
available.  It  will  often  be  found  that  the  positions,  direc- 
tions, and  grades  of  the  streets  will  be  influenced  to  some 
extent  by  the  natural  channels  of  the  drainage. 

7.  District  without  Natural  Outlet.— If  the  drainage 
district  be  situated  in  a  valley  not  having  a  good  natural 
drainage  outlet,  the  problem  of  drainage  will  be  much  more 
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serious  than  in  the  case  just  mentioned,  and  the  expense  of 
the  construction  of  the  system  greatly  enhanced.  If  the 
drainage  is  to  be  discharged  into  a  running  stream  passing 
through  the  town  or  estate,  the  drainage  should  be  delivered 
to  the  stream  at  a  point  below  the  territory  drained,  what- 
ever may  be  the  direction  of  the  natural  drainage.     This 
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may  recjuire  inconvenient  and  circuitous  courses  for  the 
sewers,  as  well  as  deep  excavations.  A  case  of  this  nature 
is  represented  in  Fig.  1.  As  there  shown,  the  town  is  situ- 
ated on  the  bank  of  a  stream.  A  crest  of  elevated  ground, 
ill  the  position  indicated  by  the  dotted  line,  separates  the 
town  into  practically  two  drainage  districts.  The  outlet 
for  the  district  ab  is  at/,  while  the  drainage  from  c  passes 
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around  by  the  circuitous  course  de  and  is  discharged  at  g. 
The  drainage  from  c  could  not  pass  by  a  direct  course  to 
the  outlet  without  an  extremely  deep  excavation  through 
the  high  ground. 

8.  liOiv-Iiylng:  District. — If  a  drainage  district  be  very 
level  and  at  a  very  slight  elevation  above  tidewater  or  above 
the  river  into  which  the  drainage  is  to  be  discharged,  the 
discharge  sewer  must  be  carried  to  the  lowest  point  within 
the  district.  This  will  then  be  the  chief  controlling  con- 
dition, and  it  may  even  be  necessary  to  resort  to  pumping 
in  order  to  provide  sufficient  fall  for  the  drainage  to  cause 
it  to  flow  to  the  outlet.  In  such  cases,  the  drainage  is  con- 
veyed to  tanks,  located  at  the  lowest  points,  and  then 
pumped  to  a  sufficient  height  to  flow  to  the  outlet. 

Such  conditions  will  often  control  the  depth  at  which 
drains  can  be  located.  For  the  purpose  of  removing  the 
storm  water,  it  is  not  generally  necessary  to  locate  the 
drains  at  any  great  depth  below  the  surface,  hut  fj^r 
the  purpose  of  subsoil  drainage,  it  is  necessary  to  locate 
them  as  deep  as  it  may  be  desired  to  drain  the  subsoil. 

9.  HubsoU  Drainage. — The  subject  of  subsoil  drainage 
is  very  important.  If  the  entire  district  lo  he  drained  is 
built  up  and  paved,  the  amount  of  rainfall  reaching  the 
subsoil  will  be  so  small,  comparatively,  that  it  usually  need 
not  be  taken  into  consideration.  Hut,  if  a  portion  of  the 
district  consists  of  grassy  lawns,  wooded  tracts,  or  unpav(;d 
streets,  the  amount  of  rainfall  reaching  the  subsoil  will 
be  very  considerable,  and  provision  must  be  made  for 
its  removal.  This  will  especially  be  the  case  when  the 
subsoil  is  quite  permeable  afid  has  below  it  an  imper- 
vious stratum;  the  necessity  for  drainage  will  be  further 
increased  if  the  formation  be  such  as  to  produce  springs  in 
the  subsoil.  The  water  having  no  opportunity  to  escape, 
the  subsoil  will  be  continually  soaked  with  stagnant  water, 
a  condition  having  a  very  injurious  effect  on  the  health  of 
the  inhabitants.     If  the  formation  is  such  that  the  water 
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will  be  continually  in  motion  and  flowing  away,  the  injuri- 
ous effect  will  not  be  nearly  so  marked,  but  stagnant  water 
is  an  enemy  of  life  and  should  be  very  thoroughly  removed. 
Hence,  it  is  seen  to  be  very  important  that  efficient  subsoil 
drainage  should  be  provided. 


RATE  OF  RAINFALL. 

10.  Measureiueut. — In  determining  the  required  capac- 
ity for  a  storm-water  sewer,  one  of  the  most  important 
conditions  to  be  considered  is  the  maximum  rate  of  rainfall; 
that  is,  the  maximum  rate  of  precipitation  for  any  given 
number  of  minutes.  A  knowledge  of  this  condition  will 
enable  us  to  determine  the  amount  of  storm  water  reaching 
the  sewer  during  a  storm  continuing  for  a  period  of  time 
sufficient  to  completely  charge  the  sewer.  Rainfall  is 
measured  in  inches.  Thus,  by  6  inches  of  rain  is  meant  a 
sufficient  quantity  to  cover  the  surface  fallen  on  to  a  depth 
of  0  inches,  provided  it  all  remains  on  the  surface  where 
fallen.  If  a  vessel  were  placed  out  in  the  storm,  it  would 
l)e  filled  to  a  depth  of  G  inches. 

11.  IlecoiHls  of  lialiifall. — For  the  purpose  of  propor- 
tioning drains  and  sewers,  the  records  of  rainfall  are  quite 
incomplete.  Records  of  daily,  m(mthly,  and  yearly  rainfall 
arc  numerous;  but  however  valuable  such  records  are  for 
some  purposes,  they  have  little  value  for  the  purposes  of 
designing  sewers.  The  records  of  storms,  as  generally 
reported,  give  the  total  precipitation  for  the  entire  storm 
and,  possibly,  the  duration  of  the  storm,  but  they  do  nut 
usually  give  the  maximum  rate  of  the  precipitation.  The 
average  rate  of  precipitation  throughout  the  storm  can  be 
obtained  by  dividing  the  total  precipitation  by  the  duration 
of  the  storm.  But  this  will  seldom,  if  ever,  be  the  maximum 
rate  of  precipitation;  for,  as  is  well  known,  the  greatest 
intensity  of  the  rainfall  is  attained  only  during  certain  short 
periods  of  the  storm's  duration.  It  is  often  the  case  that  a 
rain  storm  will  continue  through  several  hours  with  a  very 
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uneven  intensity,  being  sometimes  a  mere  drizzle  and  again 
a  veritable  downpour.  Evidently,  the  total  precipitation  of 
such  a  storm  will  bear  no  relation  to  its  maximum  rate.  A 
storm  that  will  precipitate  6  inches  of  rain  in  12  hours  may 
precipitate  3  inches  in  2  hours  or  possibly  2  inches  in 
30  minutes.  The  average  precipitation  during  the  entire 
storm  would  then  be  at  the  rate  of  j\  =  J  inch  per  hour, 
while  the  precipitation  during  the  30  minutes,  =  |  hour,  of 

2 
maximum  rainfall  would  be  at  the  rate  of  y  =  4  inches  per 

hour.  For  these  reasons,  records  of  the  maximum  rate 
should  be  taken. 

12.  Violent  Storms. — In  cases  of  violent  and  excessive 
downpours,  a  small  portion  of  the  storm  water  can  be  con- 
veyed in  the  surface  gutters,  thus  to  some  extent  relieving 
the  sewers,  by  temporarily  affording  additional  provision 
for  the  storm  water;  hence,  no  serious  damage  will  usually 
result  if  at  rare  intervals  the  rate  of  precii)itation  be  such 
as  to  give  a  flow  somewhat  in  excess  of  the  actual  capat  itics 
of  the  sewers.  It  is  not  customary,  and  is  not  gcMU'ially 
considered  necessary  or  even  desirable,  to  design  drainage 
systems  with  capacities  sufficient  for  the  prompt  removal  of 
the  entire  rainfall  from  excessive  storms  by  means  of  the 
sewers  alone.  Storms  giving  an  excessive  precipitation 
occur  only  at  long  intervals  and  are  of  short  duration.  The 
excess  of  storm  water,  above  that  which  can  l)e  conveyed  by 
the  sewers,  can  usually  be  taken  by  the  surface  gutters 
until  the  storm  subsides,  so  that  but  little,  if  any,  (]aiiia<i:(* 
will  result.  Further,  sewers  with  capa(  ities  sufficient  to 
meet  the  conditions  of  excessive  storms  would  not  be  advan- 
tageous as  conduits  for  the  ordinary  flow. 

13.  Chief  Condition  to  be  Consl<lere<l.— A  locality 
subject  to  long*continued  drizzling  rains  may  have  a  large 
annual  rainfall,  while  short  heavy  raitis  may  occur  in  locali- 
ties having  a  much  smaller  annual  rainfall.  It  is  generally 
this  maximum  rate,  or  rapid  downpour,  during  a  rea.sonal)ly 
short    period,  that    most  severely    taxes  the  capacity  of   a 


10  DRAINAGE   AND   vSEWERAGE  §47 

as  70  per  cent,  of  the  rainfall.  But  evaporation  does  not 
take  place  to  any  extent  while  rain  is  falling,  and  for  prac- 
tical purposes  it  may  consistently  be  assumed  not  to  occur 
during  the  maximum  flow  of  storm  water.  Hence,  this 
condition  may  be  wholly  neglected. 

19.  Percolation. — The  proportion  of  the  rainfall  that 
soaks  or  percolates  into  the  ground  will  vary  according  t<^ 
the  nature  of  the  soil;  it  will  be  much  greater  in  sandy  or 
peaty  soil  than  in  ordinary  soil,  and  will  be  very  much 
smaller  in  clay.  Under  favorable  conditions,  the  percola- 
tion in  ordinary  soil  may  be  30  per  cent,  of  the  rainfall ; 
in  chalk,  it  may  be  nearly  40  per  cent.,  while  in  sand  or 
gravel,  it  may  be  over  80  per  cent.  But  during  a  short  and 
rapid  downpour  of  rain  the  percentage  of  percolation  will  be 
much  smaller.  Also,  if  the  conditions  are  such  as  to  afford 
a  prompt  and  rapid  flow  of  the  water  over  the  surface,  the 
percentage  of  percolation  will  be  small.  A  large  portion  of 
the  water  that  soaks  into  the  ground  may  reach  the  sewer 
or  watercourse  farther  down ;  but  this  will  occur  after  the 
lapse  of  considerable  time,  and  not  during  the  maximum 
flow  of  the  storm  water. 

In  the  design  of  sewers,  however,  we  do  not  deal  with  the 
conditions  of  evaporation  and  percolation  except  indirectly. 
They  need  be  considered  only  so  far  as  they  affect  the 
amount  of  storm  water  reaching  the  sewer,  with  which  we 
have  to  deal  directly. 

20.  C'ondltloiis  AlTeotliipr  the  Flow  of  Storm  Water. 

The  proportion  of  the  rainfall  that  reaches  the  sewer  varies 
according  to  the  area,  slope  and  condition  of  the  surface, 
and  the  nature  of  the  subsoil.  Wooded  tracts,  cultivated 
lands,  or  those  covered  by  luxuriant  vegetation  retain  a 
greater  portion  of  the  rainfall,  and  are  longer  in  yielding 
up  what  they  do  not  retain  than  smoothly  cut  lawns  or 
areas  devoid  of  vegetable  growth.  The  latter  will  there- 
fore give  the  greater  flow.  The  amount  of  flow  is  also 
affected  by  the  nature  of  the  soil.      Loose,  porous  soils,  as 
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sand  or  loam,  readily  drink  in  a  large  proportion  of  the 
rainfall,  while  hard-packed  and  impervious  soils,  as  clay  and 
cemented  material,  take  in  much  less  of  the  rainfall  and 
give  much  greater  surface  flows.  Steep  slopes  throw  off  a 
much  greater  projK>rtion  of  the  raintall  than  Hat  areas,  and 
carry  it  more  quickly  to  the  channels  of  flow.  Hence,  a 
hilly  country  will  not  only  yield  a  greater  propjrtion  of  the 
storm  water  than  a  level  country,  hut  will  also  deliver  it  to 
the  Sewers  much  more  quickly.  Frozen  gruuniJ  may  give  a 
surface  flow  practically  equal  to  the  rainfall;  in  connection 
wilh  melting  snow,  it  may  conskkrahly  exceed  the  rainfall* 

31*     Flow  of  Htonii  Water  From  ]$ullt-lT|i  DLstrU^ts. 

The  conditions*  ju^t  noticed  refer  principally  to  suburban 
districts.  In  closely  built-up  districts,  with  paved  streets, 
the  prop<irtion  of  storm  water  carried  to  the  sewers  and  the 
rnpi<iity  with  which  it  will  be  conveyed  to  them  are  both 
greatly  augmented.  The  jjreater  portion  (often  the  entire 
p*irtHm)  of  the  surface  on  which  the  rain  falls  conmsts  of 
paved  streets  and  courts,  walks,  and  the  roiifs  of  buildings, 
all  of  which  offer  nearly  impermeable  surfaces  to  the  rain- 
fall, which  the  systems  of  surface  drains,  troughs,  and 
gutters  quickly  convey  to  the  sewers.  As  a  result,  a  large 
p'>rtion  of  the  rainfall  is  promptly  delivered  to  the  sewers, 
which  w*itl  be  severely  charged  by  short  storms  having  a 
high  rate  of  precipitation. 


Z*4*  niitU>  fif  8t4>rm  Wator  to  TliifnriiU  Foxuid  tci  !>e 
C'oimtniit,— Gaugings  of  sewers  during  thr  fli*w  of  storm 
water  indicate  that,  after  the  ground  has  berome  saturated, 
the  ratio  of  storm  water  to  rainfall  is  practically  constant  for 
a  given  district,  which  is  a  quite  important  condition;  that 
lis,  after  saturation,  the  percentage  of  rainfall  reaching  the 
Sewer  IS  practically  the  same  for  all  rates  of  precipitation. 
In  the  case  of  rfw>fs  and  we  11 -paved  areas,  the  effect  of 
saturation  Is  slight.  As  previously  noticed,  the  ratio  of  the 
storm  water  to  the  total  rainfall  depends  largely  on  the 
character  and   condition  of    both  the  surface  and   subsoil. 
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Gaugings  sufficient  to  definitely  establish  this  ratio  for 
different  conditions  of  surface  have  never  been  made.  Such 
reliable  information  as  is  available  concerning  the  subject 
will  be  briefly  noticed. 

2li.  Professor  Baumeister,  a  German  authority,  states 
that  **  for  drainage  purposes,  the  ratio  of  the  storm  sewage 
to  the  total  precipitation  can  be  assumed  to  be  the  same  as 
that  existing  between  the  impervious  and  the  total  area." 
In  this  statement  the  word  **  impervious"  has  an  absolute 
significance;  that  is,  wholly  or  fully  impervious.  Area  not 
fully  impervious  should  be  reduced  to  an  amount  of  imper- 
vious area  proportionate  to  its  impermeability. 

24.  Mr.  E.  Kuichling,  of  Rochester,  N.  Y.,  a  well-known 
hydraulic  engineer  and  an  eminent  authority  on  storm- 
water  sewt  rage,  gives  the  percentages  in  the  following  table 
as  representing  the  relations  of  the  impervious  surface  to  the 
total  drainage  area,  assuming  the  relations  to  vary  accord- 
ing to  the  density  of  the  population.  These  values  were 
obtained  from  an  extended  analysis  of  the  conditions  found 
in  such  cities  as  Buffalo,  Rochester,  and  Syracuse.  The 
percentages  in  the  last  column  should  be  used  as  the  ratios 
of  storm  water  to  total  precipitation. 


TABT.T5    I 

UKLATION    OF   FFLLY    IMPERVIOUS   SURFACE   TO  TOTAL, 

AHKA 

A<'(<>RI)IX(i  TO  DKNSITY  OF  POPULATION 

Percentage  of  Fully  Impervious  Surface 

.Averaife 

Number  of 

Persons 
Per  Acre 

Roofs 

Improved 
Streets 

Unimproved 

Streets,  Yards, 

Etc. 

Total 

15 

8.4 

3.3 

30 

14.7 

25 

14.0 

7.0 

4.3 

25.3 

32 

iS.o 

10.2 

5.0 

33.2 

40 

22.5 

14.7 

5.4 

42.6 

50 

2S.0 

19.0 

5.6 

52.6 
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26,  According  to  Knaiiff,  the  maximum  quantity  of 
storm  water  reaching  the  sewer,  in  percentages  of  the  rain- 
fall, is  as  follows: 

On  flat  roofs 40  to  50  per  cent. 

In  courts  and  squares 50  to  70  per  cent. 

On  steep  roofs GO  to  80  per  cent. 

These  percentages  are  probably  rather  low  for  small 
areas. 

26.  In  London,  it  has  been  found  from  gaugings  of  the 
sewers,  that  from  53  to  94  percent,  of  the  rainfall  flows  away 
as  storm  water. 


SUBSOIL  DRAINAGE   OF    lU  II.DINGS 


NECKS.S1TY  OF  1>UY  C'Kr.T.ARS 

27.  It  frequently  happens  that  water  is  discovered  while 
excavating  cellars  and  for  the  fonndiilions  of  buildings. 
Since  it  is  essential  for  cellars  to  l)c  free  from  water  and 
dampness,  in  order  that  the  buiUlinjji^s  may  l)e  habitable  and 
wholesome,  it  becomes  necessary  to  provide  means  for 
removing  the  water  from  underneatli  the  foundations  and 
the  cellar  floor.  Probably  the  greatest  <)l)jection  to  damp 
cellars  is  the  fact  that  cellar  air  will  pass  up  throui»,li  the 
floors,  walls,  and  partitions  and  therei)y  not  only  cause  a 
damp  atmosphere  in  the  living  and  sleej)ing  rooms  of  the 
building,  but  also  actually  vitiate  the  air,  since  the  odors 
of  damp  cellar  air  are  due  to  the  decomposition  of  vege- 
table and  organic  matter  from  many  sources.  Rheumatism 
and  malaria  are  often  the  evil  etYeels  of  damj)  cellars; 
typhoid  or  typhus  fever  the  probable  etTects  of  contam- 
inated cellar  air. 


DISPOSAL  OF  Sl'IiSOIL    WATKIl 

28.  Intrwlnetloii. — The  disposal  of  subsoil  cellar  drain- 
age water  is  often  a  matter  of  great  difliculty,  particularly 
when  the  drainage  is  intermittent.      It  frequ(>ntly  happens 
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that  the  drains  are  dry  during  the  summer  and  winter 
months,  and  that  they  only  convey  the  water  during  the 
spring  and  fall.  When  such  conditions  exist,  particular  care 
mtist  be  taken  to  avoid  the  evaporation  of  Water  in  traps, 
that  may  disconnect  the  subsoil  drains  from  any  sewer  or 
house  drain  into  which  they  may  discharge. 

39,     Gravity  DlsposiiK — Fig,  'Z  shows  how  siihsoil  water 

may  be  disiliarged  by  gravity  into  the  house  drainage 
system.     In  order  to  accomplish  this,  the    sewer  must  be 


3j 


i^fe 


Fig,  3 


lower  than  the  subsoil  drains.  The  main  disconiiecting 
trap  i7  is  set  in  a  vault  /f  furnished  with  a  concrete  floor.  The 
main  house  drain  c  joins  the  trap  on  the  house  side  of  the 
seal.     Roof  water  and  back-area  water  enter  the  drainage 
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sysltm  through  the  trap  d,  and  the  other  irajj  in  the  b^Mc- 
raent  takes  I  runt  area  and  ruuf  water.  Water  atK>ut  the  fuol- 
ingsof  the  walls  flows  through  a  3-inch  or  4-ioi:h  f^rforated 
i*art.henware  pipe  t\  and  discharges  oti  the  concrirtc  floor  of 
the  vault  ^,  a  very  hght  J^ap  valve  being  attached  on  itsi  out* 
!et  end.  The  vault  is  fitted  with  a  light  cover,  and  fresh  air 
enters  it  through  the  fresh  air  inlet  pipe  /,  and  flowst  into  the 
drainage  system  through  the  trap  inlet^  being  delivered  to 
tile  atmosphere  above  the  roof  of  the  building  by  the  vertical 
pipe  stacks. 

This  arrangement  has  many  good  features.  Fur  instance, 
there  is  no  danger  of  drain  air  entering  the  subsoil  drainage 
system;  neither  can  sewage  matter  that  might  accumulate 
m  the  vault,  should  the  sewer  connection  ^  or  the  trap  a 
become  choked,  enter  this  system,  bccatise  the  check -valve 
itn  the  mouth  of  t\  if  properly  fitted,  will  prevent  it.  Many 
pUimbers  simply  place  a  trap  between  the  subsoil  drainage 
and  the  house  drainage  systems^  trusting  to  a  constant 
sireani  of  subsoil  water  to  maintain  a  seal  in  the  trap;  but 
this  alone  is  not  sufficient  protection. 

The  subsoil  drains  are  inaccessible,  and  should  they  at 
iuiy  time  be  charged  with  sewage,  which  will  certainly  he 
the  case  if  the  street  sewer  becomes  flooded,  sewage  will 
hack  op  the  subsoil  drains  and  contaminate  the  gn>und 
under  the  building.  Particular  care  should  be  taken  to 
guard  against  this  danger,  and  a  check-valve,  a  ball  trap,  or 
a  backwater  trap  of  some  description  should  always  be  nsad. 
If  a  check-valve  is  used,  a  separate  trap  is  very  suitable  as  a 
lK>sitivc  safeguard  against  the  entrance  of  drain  air  or  scwcr 
gas.  On  the  best  work,  a  water-sealed  trap  coml>ined 
with  a  check-valve  is  used.  Probably  one  of  the  best 
forms  of  subsoil  drainage  traps  is  that  which  has  a 
ilcep  seal  and  a  float  arranged  in  such  manner  that  the 
float  will  automatically  rise  and  shut  off  the  subsoil  drains 
from  the  house  drain  when  house  sewage  backs  up  in  the 
lTU\K  ^nd  that  will  descend  with  the  water  of  the  trap,  and 
shut  off  the  subsoil  drains  from  the  house  drain  before  the 
^al  it>  lost  by  eva[HJratiiin. 
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30i     Foreeil  I>!8po^vl. — Should  the  cellar  floor  be  below 
the  sewer  level,  or  at  least  so  nearly  level  with  it  that  the 

subsoil  water  cannot  be 
remtjved  by  a  gravity  sys- 
tem of  drainage,  it  becomes 
tiecessary  to  use  some  con* 
venient  force  to  raise  the 
water  to  a  point  from  which 
it  may  flow  by  gravity  into 
the  sewer, 

Co  ni  m  on  hand  pu  m  ps 
can  be  employed  for  this 
work,  hut  they  require  Umj 
much  labor  and  attention, 
and  consequently  are  not 
suiial>ie  machines.  If  a 
building  that  is  affected  in 
this  manner  has  a  bounti- 
ftd  supply  of  water  at  a 
1 1  ress u re  4>f ,  say,  30  p<j  u  n d s 
or  more  per  square  inch,  a 
simple  a  u  Loin  a  tic  cellar 
drainer  may  be  used  to 
raise  the  subsoil  water. 

Fig,  3  shows  one  of 
these  machines  in  detail 
It  IS  set  in  a  small  pit  below  the  cellar  floor,  and  into  this  pit 
the  subsoil  water  may  drain.  The  drainer  is  connected  iu 
the  cold-water  supply  pipe  by  means  of  a  pipe  a  that  is 
furnished  with  a  flanged  union  i^  inside  of  which  m  a  close - 
meshed  strainer,  which  prevents  any  grit  from  entering 
the  machine  with  the  waten  The  pressure -water  passes 
through  the  valve  d  and  issues  from  the  nozzle  e  in  a  fine 
stream,  about  ^\  Inch  in  diameter.  This  jet  enters  the  larger 
cone  <•  and  forces  the  pit  water,  which  enters  this  cone 
through  the  perforations,  up  into  the  outlet  pipejf,  which 
deli%''ers  into  an  open  fixture,  as  a  safe- waste  sink  in  the  cellar, 
for  instance*     The  perforated  hood,  or  strainer,  /  prevents 
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any  chips,  or  other  matter  that  may  be  floating  in  the  pit, 
from  entering  and  choking  the  cone  e. 

The  jet  of  water,  the  force  of  which  raises  the  subsoil 
water  from  the  pit,  is  governed  by  a  simple  device  that  opens 
the  valve  //when  the  pit  is  about  full  of  water  and  closes  it 
when  the  pit  is  nearly  empty.  The  machine  is  thus  auto- 
matic and  intermittent  in  action. 

The  valve  d  is  provided  with  a  hollow  stem  of  sufficient 
diameter  to  nearly  fill  the  valve  orifice.  The  water,  after 
passing  over  the  edge  of  the  valve  disk,  enters  slots  in  the 
bottom  of  the  stem  and  emerges  from  small  holes  farther 
up  the  stem,  as  shown  by  arrows.  This  arrangement  pre- 
vents the  valve  from  chattering  on  its  scat,  and  allows  it  to 
fall  by  its  own  weight  when  slightly  opened.  When  the 
water  rises  above  a  certain  level  in  the  pit,  the  tloat  //  oper- 
ates a  finger  i  that  pushes  down  on  the  lower  disk  attached 
to  the  valve  stem,  and  thus  opens  the  valve  and  starts  tiie 
machine.  As  the  water  falls  in  the  |)it,  the  float  falls  with 
it,  and  the  finger  /  rises  slowly,  engaging  with  the  upper 
disk,  raising  the  stem  and  closing  the  valve. 

The  machine  will  start  itself  when  the  water  is  high 
enough  in  the  collecting  pit,  and  will  continue  to  eject  water 
until  the  pit  is  nearly  empty,  that  is,  until  the  float  has 
reached  the  downward  limit. 
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SEWERAGE    SYSTEMS 


INTUOI>UCTION 

31.  Nece^lty  of  Sewerajjfe. — Sewa^ire  is  composed  of 
water  mixed  with  kitchen  slops,  grease,  soap,  urine,  wash- 
ings from  stables  and  slaughter  houses,  rags,  leaves,  paper, 
human  excreta,  etc.  The  animal  and  vegetable  matters  in 
it  rapidly  decompose  and  generate  noxious  gases,  the  com- 
bination of  these  being  called  sewer  gus.  These  gases  are 
poisonous  and  will  inevitably  produce  sickness  if  they  escape 
into  a  dwelling,  or  if  they  are  breathed  in  any  considerable 
quantity  by  those  that  have  weak  constitutions  or  that  are 
susceptible  to  disease. 

A  small  leak  of  sewer  gas  in  a  house  may  cause  much 
sickness  that  will  probably  be  ascribed  to  other  causes. 
Many  people  will  endure  a  small  amount  of  bad  odor  rather 
than  incur  the  expense  of  sending  for  a  plumber,  and  are 
unwilling  to  believe  that  a  small  defect  in  the  drainage  can 
do  much  mischief.  But,  the  plumber  must  protect  people 
against  their  own  ignorance  and  cupidity  in  this  matter. 

It  is  clear,  from  the  nature  of  sewer  gas,  that  traps  and 
vents  on  the  drains  are  not  luxuries,  but  are  absolutely 
necessary  to  the  health  of  the  community. 

3x2.  Effect  of  Effleient  Seweraj^e. — Evidence  in  regard 
to  the  salutary  effect  of  efficient  sewerage  and  drainage  of 
cities  on  the  health  of  the  inhabitants  is  abundant  and  need 
not  be  given  here.  The  experience  of  a  large  number  of 
cities  could  be  cited  to  show  the  marked  reduction  in  the 
death  rate  resulting  from  the  construction  of  sewerage  sys- 
tems ;  but  the  benefits  of  sewerage  are  now  so  well  known  as 
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to  make  such  proofs  unnecessary.  There  is  no  longer  any 
question  in  regard  to  why  sewers  and  drains  should  be 
built;  the  only  question  at  present  is  how  shall  they  be  built. 

33.  NeeesHity  of  Pui-e  Air. — One  of  the  principal  con- 
ditions requisite  to  health  is  that  the  air  we  breathe  shall 
be  pure.  The  air  hi  the  vicinity  of  human  habitations 
may  be  maintained  pure  by  promptly  removing  tliose  things 
that  pollute  it,  such  as  decaying  matter,  noxious  gases,  and 
all  conditions  favorable  to  the  development  of  disease  germs. 

34.  Deleterious  Matter  Requlrlniir  Kemoval.  —  Be- 
sides the  prompt  removal  of  all  water  from  the  surface  and 
subsoil,  which  is  accomplished  by  efficient  drainage,  all 
garbage,  street  sweepings,  solid  kitchen  and  factory  waste, 
decaying  vegetable  matter,  and  other  dry  refuse  should  be 
promptly  collected  and  removed,  and  all  excremental  or 
human  waste  and  liquid  refuse  should  be  removed  by  an 
adequate  system  of  sewerage.  By  such  means,  the  putrefy- 
ing matter,  stagnant  water,  and  dampness,  which  not  (;nly 
generate  disease  germs  but  also  make  their  continued  exist- 
ence possible,  are  effectually  removed.  The  soil  is  thus 
rendered  dry  and  wholesome  and  the  air  is  purified. 


SYSTEMS  OF   HEM  OVA  J. 

35.  Classification. — The  different  methods  emi)loyed 
for  the  removal  of  excremental  and  liquid  waste  may  be 
Uivided  in  three  general  classes,  namely:  the  dircct-riDioval 
^ystevi^  the  pncufnaiic  systcjfi^  and  the  icatcr -carriage  systtni. 

36.  Description.  —  The   principal    methods    of   direct 

^removal  are  the  pail  system  and  the  dry-earth  eloset.  In 
the  former  system  the  excrement  is  caught  in  a  pail  or 
other  vessel,  and  at  stated  intervals  is  transferred  to  and 
removed  by  carts.  In  the  latter  system,  dry,  [)owdered 
earth,  or  ashes,  is  added  to  the  excreta  in  sufficient  (juantilies 
to  absorb  the  moisture  and  deodorize  the  entire  mass  until 
64—18 
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it  can  be  removed.  There  are  various  modifications  to  both 
these  systems  of  direct  removal,  all  of  which  give  results 
more  or  less  satisfactory  and  also  involve  features  more  or 
less  objectionable. 

37.  The  pueumatlc  systems  generally  consist  essen- 
tially of  systems  of  air-tight  pipes,  through  which  the  excre- 
mental  matter  is  forced  by  atmospheric  pressure,  the  air 
being  exhausted  from  the  pipes  by  large  air  pumps.  Such 
systems  are  intended  for  the  removal  of  only  such  portion 
of  the  wastes  as  is  most  valuable  for  fertilizing  purposes. 
Separate  conduits  are  provided  for  liquid  wastes.  These 
systems,  though  disposing  of  only  a  portion  of  the  refuse, 
require  costly  machinery,  and  are  also  expensive  to  operate. 

38.  The  Shone  system  employs  compressed  air  for  the 
purpose  of  raising  sewage.  The  sewage  flows  through 
pipes  by  gravity,  in  the  usual  manner,  until  it  reaches  the 
lowest  level  practicable  or  desirable  for  it.  At  such  a  point 
the  sewage  flows  into  a  large  iron  tank,  called  z.  pneumatic 
ejector,  from  which,  when  full,  it  is  forced  into  pipes  at 
a  higher  level  by  means  of  compressed  air  automatically 
applied.  This  appliance  is  especially  valuable  in  cities  where 
sufficient  fall  to  the  outlet  of  the  sewers  cannot  be  obtained. 
In  such  cases,  it  can  often  be  advantageously  substituted 
for  pumps  for  raising  the  sewage  to  the  required  elevation. 
This  is  .not  of  itself  a  distinct  pneumatic  system,  but  is 
more  properly  considered  as  a  special  expedient  of  the 
water-carriage  system. 

39.  The  Avater-carrlage  system  for   the  removal  of 

sewage  is  by  far  the  most  popular.  It  is  thoroughly  effi- 
cient and  requires  only  a  comparatively  inexpensive  conduit 
to  convey  all  the  sewage.  It  will  not  be  necessary  to  dis- 
ci:ss  here  the  merits  of  this  system  of  sewerage;  the  state- 
ment that  it  is  the  system  universally  employed  in  America, 
antl  quite  generally  used  in  all  civilized  countries,  will  be 
suffic  lent,  and  therefore,  only  the  water-carriage  system  of 
sewerage  will  be  considered. 


HEWKU  COXHTUUCTfON 

40.  Ctii!^nii'ut:t«>ii. — There  are  two  yjeneral  classes  of 
^^xr  systems  fur  cities,  towns,  or  villages;  namely,  the 
^'<fiiratt*  st'iv^r  s^stt'm  and  the  combiHrd sewer  sjsiem. 

41,  ^'pfimte  t?i5wer  Hys^teiii* — ^The  separate  system 
Conststs  of  two  sets  of  drains,  one  to  convey  to  a  suitable 
^nd  safe  point  of  discharge  all  the  excreta  and  all  water 


XhzX^  whether  used  for  drinking,  washing,  or  other  purposes, 
is  returned,  in  a  foul  state  as  sewage.  This  pipe  should  be 
laid  water- Light,     Tlic  other  drain   is  used  only  to  carry 
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away  to  some  convenient  watercourse  all  the  rain  or  storm 
water  falling  or  flowing  on  the  sewered  districts.  This 
drain  need  not  be  water-tight  if  the  soil  in  which  it  is  laid  is 
wet,  as  it  will  thus  drain  the  land  when  storm  water  is  not 
flowing  through  it. 

4^4.  A  cross-section  of  a  street  showing  the  sewer  con- 
duits as  sometimes  arranged  in  the  separate  system  is 
shown  in  Fig.  4.  In  this  figure  a  is  the  sewage  conduit  and 
b  is  the  storm-water  conduit,  while  c  and  d  are  pipes  that 
convey  the  storm  water  from  the  catch  basins  ^  and /"to  the 
storm -water  sewer  b.  The  catch  basins  receive  the  storm 
water  from  the  street  gutters  through  the  street  openings^ 
and  h.     The  pipes  i  andy  are  respectively  for  gas  and  water. 

43.  The  volume  of  sewage  from  any  town  or  city  is 
practically  a  known  quantity.  It  is  nearly  equal  to  the 
water  c()nsum[)tion,  if  roof  and  storm  waters  are  excluded. 
The  volume  of  sewage  changes  slightly  with  the  hours  of 
the  day,  more  flowing  during  the  day  than  during  the 
night.  The  sewage  pipe  should  not  be  too  large,  but  should 
be  proportioned  to  the  work  it  will  have  to  do.  Less  fall 
will  be  required  for  it  than  for  one  that  carries  storm  water 
combined  with  sewage,  as  there  is  no  grit  and  sand  to  be 
washed  forwards. 

44.  ('oiiiblned  Sewer  System. — The  combined  system 
is  that  in  which  the  roof  and  storm  water  is  conveyed  to  a 
suitable  point  of  discharge  by  the  sewers  that  convey  the 
sewa«;c  from  the  buildings.  The  uniting  of  the  two  is 
claimed  to  i)e  an  advantage,  since  the  storm  water  flushes 
the  drains  admirably.  Such  sewers,  if  made  large  enough 
to  carry  off  the  heaviest  rainfalls,  are  much  too  large  for 
dry  seasons.  A  small,  shallow,  sluggish  stream  of  sewage 
will  then  flow  through  them,  and  solid  matter  is  liable  to 
act  unuihitc,  putrefy,  and  evolve  sewer  gas.  If  the  sewers 
are  constructed  too  small  or  have  too  little  fall,  they  will  fill 
up  during  heavy  storms,  and  the  water  will  back  up  into 
the  basements. 
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45,  The  shape  that  should  be  given  to  a  sewer  depends 
on  the  nature  of  the  flow  through  it.  If  the  quantity  of 
liquid  is  fairly  constant,  a  circular  sewer  or  pipe  may  be 
used.  If  the  flow  is  variable,  as  is  always  the  case  where 
storm  waters  are  to  be  disposed  of,  the  sewer  should  be 
egg-shaped, 

4G,  Brick  Sewers, — For  circular  sewers  of  diameters 
not  greater  than  30  inches,  vitrified  pipe  is  the  best  mate- 
riaL     Larger  sewers   are  commonly  made   of  brick.     The 
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cruss-st'ctiun  nf  a  brick  sewer  during 
course  of  construction  is  shown  in  Fig.  5. 
It  is  constructed  of  a  single  course,  or 
ring,  of  bricks.  The  bricks  used  are 
special  arch  bricks,  made  to  conform  to 
she  curve,  the  bricks  being  laid  length- 
wise of  the  sewer.  The  lower  arch,  or 
invert^,  is  always  lai<l  in  advance  of  the 
upper  arch,  as  shown ;  the  latter  is  con- 
structed over  a  temporary  wooden  arch  a 
called  a  center,  or  fi»rin,  which  is  held  in  place  by  wooden 
blocks  (not  shown),  that  rest  on  the  invert.  The  thickness 
of  a  brick  sewer  under  ordinary  conditions  may  be  approxi- 
mately determined  by  allowing  one  ring  of  bricks  for  each 
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three  feet  diameter.  The  bricks  should  be  soaked  in  water 
and  then  bedded  in  place,  using  a  mortar  composed  of  equal 
parts  of  Portland  cement  and  clean  sharp  sand.  The  joints 
at  the  inner  surface  of  the  sewer  must  be  neatly  and 
smoothly  faced.  The  house  sewer  should  discharge  into 
the  street  sewer  a  little  above  the  center  of  the  latter. 

47.  Fig.  5  also  illustrates  a  system  of  bracing:  for  pre- 
venting the  caving  in  of  the  sides  of  the  trench.  This  form 
of  bracing  is  used  only  when  the  ground  is  very  soft  and 
quick  to  slide. 


48.  The  proper  form  to  be  given  to  an  egrST-sliaped 
sewer  is  shown  in  Fig.  6.  The  upper  part  is  a  semicircle, 
..--^--y>-4.  --'*.  having  the  diam- 
^  '  "  -=  '  "^^  "  eter  d.  The  total 
height  A  is  made 
equal  to  1^//.  The 
bottom  curve  has  a 
radius  r,  which 
equals  \  d.  The 
sides  are  curved  to 
a  radius  r,,  which 
equals  the  height  //. 
The  special  ad- 
vantage presented 
by  this  form  is  that 
with  a  minimum 
quantity  of  water  a 
maximum  depth 
can  be  obtained, 
and  that  as  the 
depth  of  the  stream  is  diminished,  the  wetted  perimeter, 
which  is  the  friction-producing  factor,  is  reduced  propor- 
tionately. 

The  invert  block  A  must  be  set  on  a  solid  unyielding 
foundation.  It  is  made  of  terra  cotta,  salt-glazed  on  its 
inside    face.     The  spaces  a  within  the  block  may  be  used 
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to  drain  the  land.     They  form  continuous  channels  to  the 
sewer  outlet. 

The  house  drain  b  should  join  the  sewer  above  the  line  d^ 
as  shown.  If  there  is  danger  of  water  backing  in  the  sewers, 
the  mouth  of  b  should  be  protected  by  a  light  hhij^ed  flap 
valve,  as  shown. 

49*  All  sewers  and  drains  should  have  open  communica- 
tion with  the  atmosphere  at  some  point,  so  that  air  may 
freely  pass  out  and  in  to  accommodate  changes  in  volume  of 
the  liquid  flowing  through  them,  these  openings  serving  as 
reliefs  for  the  escape  of  drain  air  should  tidal  water  back  into 
the  drains  and  sewers.  The  ordinary  practice  is  to  have  a 
few  holes  in  the  manhole  covers  on  the  main^  or  trunk,  lines* 

Some  sewerage  systems  are  furnished  with  ventilating 
shafts  located  at  their  extreme  highest  ends.  These  insure 
a  constant  current  of  air  through  the  system  if  the  air  in 
the  shaft  is  warmer  than  the  atmosphere.  The  natural  ven- 
tilation of  sewers  and  all  underground  drains  is  a  current  of 
air  traveling  toward  their  lower  ^nd^  or  outlet,  during  hot 
weather,  and  toward  the  ventilating  shaft  during  cold 
weather,  unless  otherwise  affected  by  prevailing  winds,  etc. 


5IK  Pipe  Viewers, — For  pipe  sewers,  the  trench  can  be 
excavated  as  deep  as  to  about  the  center  of  the  pipe  by 
common  laljorers,  below  which  depth  it  should  be  shaped  to 
receive  the  pipe  by  men  trained  to  the  work,  It  should 
be  so  shaped  that  the  pipe  will  be  supported  entirely  on  its 
cylindrical  part  (where  jit  is  of  uniform  cross-section),  a 
recess  being  formed  to  receive  the  socket  and  cement  joint 
for  each  length  of  pipe,  which  recess  should  be  afterwards 
filled  with  well-packed  sand.  The  pipe  should  be  carefully 
laid  with  socket  end  toward  the  summit;  this  should  be 
done  by  one  trained  man,  who  should  have  a  helper  when 
laying  large  pipe.  The  joints  should  also  be  cemented  by 
one  man,  who  should  be  well  trained  to  the  work.  The  earth 
should  then  be  carefully  packed  around  the  pipe,  previous  to 
filling  in  the  trench;  it  should  be  packed  with  especial  care 
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around  all  Y  branches,  the  ends  of  which  should  be  tem- 
porarily closed  by  special  caps.  The  Y  branches,  to  which 
the  houses  will  be  connected,  should  be  generally  located 
about  25  feet  apart  along  both  sides  of  the  sewer,  and  a 
record  of  their  exact  positions  should  be  carefully  kept. 

51.  BraeliiK  the  Trenclies. — In  most  cases,  where  the 
depth  is  not  great,  the  sides  of  the  trench  will  stand  with- 
out protection.  In  some  soils,  however,  there  will  be  great 
tendency  to  caving,  and  it  will  be  necessary  to  protect  the 
sides  of  the  trench  from  caving  by  means  of  timber  work 
and  braces.  This  is  a  matter  to  be  looked  after  principally 
by  the  contractor,  as  on  him  devolves  all  the  risks  of  the 
undertaking.  It  is,  nevertheless,  a  matter  over  which  the 
engineer  should  keep  a  general  oversight,  as  the  lives  of  the 
workmen  may  be  endangered  and  the  work  greatly  delayed 
by  accidents  due  to  lack  of,  or  insufficient,  protection  to  the 
banks  of  the  trench  during  the  construction  of  the  sewer. 

53.  The  banks  of  sewer  trenches  are  commonly  pro- 
tected by  means  of  a  temporary  framing  of  planks  and 
timbers,  known  as  sheet  pilin^jr.  Sheet  piling  consists 
essentially  of  a  row  of  [)lanks,  having  their  lower  ends 
sharpened,  driven  vertically  along  each  bank;  these  are 
braced  by  means  of  braces  extending  across  the  trench.  If 
the  trench  is  deep,  the  planks  that  sustain  the  bank  can 
generally  be  placed  horizontally  with  advantage  for  about 
the  upper  4  feet  of  the  trench,  then  driven  vertically  for  the 
portion  l)el()w.     This  is  (juite  plainly  shown  in  Fig.  7. 

The  horizontal  planks  may  generally  be  in  the  ordinary 
marketable  lengths,  10  feet  being  commonly  a  convenient 
lenj^lh.  These  planks  should  be  2  inches  thick.  A  length 
of  about  7  feet  is  frenerally  to  be  preferred  for  the  vertical 
planks,  or  i^lles,  which  may  generally  be  1  inch  thick,  if 
sufficiently  supported.  One  row  of  such  piling,  in  connec- 
tion with  the  horizontal  planking,  will  be  sufficient  for  a 
depth  of  S  or  0  feet.  For  greater  depths,  two  or  more  rows 
of  piling  must  be  driven,  each  row  being  on  the  inner  side  of 


generally  of  af>ont  3  in,  x  'i  in.  rross-scction,  which  are  in 
turn  hrld  in  place  by  ihc  cruss* braces. 
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63.  The  cross-braces  used  are  sometimes  timber  shores. 
These,  however,  must  be  cut  to  length  and  driven  into 
place.  They  often  become  loose,  when  they  must  be  wedged 
or  replaced  by  longer  shores;  furthermore,  shores-used  once 
cannot  generally  be  used  a  second  time.  Much  better  cross- 
braces  are  afforded  by  the  iron  screws,  or  adjustable 
braces,  shown  in  Fig.  7,  and  also  shown  in  detail  in  Fig.  8. 


PIO.  8 

These  screws  can  be  used  any  number  of  times,  can  be 
adjusted  to  fit  any  width  of  trench  within  reasonable  limits, 
can  be  quickly  put  in  place  and  removed,  or  tightened  with- 
out jarring.  Considerable  experience  is  required  to  put  in 
place,  and  remove,  sheet  piling  quickly  and  without  damage 
to  the  material. 

54.     Coinl)Inecl    Tronoli    and    Tunnel    Kxcavatlons. 

It  frc(juently  occurs  that  deep  trenches  must  be  excavated 
in  hard,  compact  soil  of  a  clayey  nature.  Plumbers  then 
often  resort  to  a  mode  of  excavating  that  is  partly  tunnel- 
ing, the  object  being  chiefly  to  avoid  the  expense  of  remov- 
ing all  the  earth  under  which  the  sewer  is  to  be  laid;  also, 
to  avoid  the  cost  of  bracing;  furthermore,  to  prevent  the 
destruction  of  trees,  paths,  etc.,  that  may  be  on  the  sewer 
line. 

Fig.  9  (a)  shows  two  men  laying  an  earthenware  sewer  a 
on  the  bottom  of  such  a  trench.  The  line  of  the  sewer  is 
first  staked  off.  Then  the  ground  is  opened  at  intervals 
along  the  line,  as  at  /;,  /;,  etc.     These  holes  are  made  oval, 
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as  shown  in  the  plan  given  in  Fig.  9  (b),  each  being  dug 
down  to  the  trench  bottom.  Tunnels  are  now  cut  under 
the  parts  c,  Cy  etc.,  which  are  allowed  to  remain  and  act  as 
braces  for  the  banks  of  the  trench.  Fig.  9  (c)  shows  a 
cross-section  of  the  tunnel,  while  Fig.  9  (d)  shows  a  cross- 
section  through  the  trench  holes. 

55.  The  method  of  excavating  just  described  must  not 
be  employed  where  the  ground  is  loose  and  liable  to  cave 
in,  since  serious  accidents  may  occur.  It  is  used  in  cases 
where  the  ground  will  be  positively  self-sustaining.  Many 
valuable  trees  have  been  saved  by  this  method  of  excava- 
tion. In  filling  in  this  trench,  great  care  must  be  taken  to 
first  pack  the  earth  well  into  the  tunnels,  to  prevent  the 
parts  c,  c,  etc.  from  collapsing  when  the  ground  becomes 
loosened  by  frost  and  affected  by  freshets.  It  is  considered 
a  good  plan  to  flood  the  trench  with  water  after  the  tunnels 
have  been  packed  and  before  the  holes  by  b,  etc.  are  filled 
in.  The  water  will  settle  the  earth  and  make  it  very  com- 
pact in  the  tunnels. 

50.  Artificial  Sewor  Foundations.  —  It  sometimes 
happens  that  the  material  encountered  in  excavating  sewer 
trenches  is  so  unstable  that  special  expedients  must  be 
resorted  to  in  order  to  support  the  sewer  during  the  con- 
struction and  until  the  earth  filling  can  be  tamped  around 
it.  When  the  material  encountered  is  very  treacherous 
quicksand,  it  will  be  generally  necessary  to  support  the 
sewer  on  piles  or  timbers,  while  in  other  and  less  treacher- 
ous soils  it  may  be  sufficient  to  excavate  somewhat  below 
the  grade  line  and  fill  in  to  grade  with  gravel.  A  tile 
uiulerdrain  laid  beneath  the  sewer  is  very  advantageous  in 
(jnii  ksand  and  water-bearing  strata.  This  secondary  drain 
may  l)e  laid  directly  beneath  the  sewer,  or  somewhat  to  one 
side  of  the  trench.  This  will  also  be  found  very  advanta- 
geous for  the  removal  of  subsoil  water  during  the  construc- 
tion of  the  sewer.  It  may  be  constructed  of  ordinary  drain 
tile  2,  3,  or  4  inches  in  diameter,  according  to  the  amount  of 
subsoil  water. 
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57-     Velocity  of  Flow  Inland  Fall  of^  Hewers. — The 

velocity  of  the  fiuw  in  sewers  and  drains  shtnjKl  not  be  less 
than  2  or  3  feet  per  second,  nor  hi^^her  than  4  or  5  feet  per 
second,  if  the  sewers  are  built  of  brick  and  ctmvey  stf*rm 
water.  If  there  is  much  sand  urgrit  in  the  sewage,  a  vehic- 
ity  of  6  feet  or  more  is  liable  tu  wear  away  the  brickwork. 
The  fall  of  brick  sewers  should  be  about  1  in  '340  if  pos- 
sible,  though  with  frequent  flushing  1  in  600  may  be  per- 
tnitted.  When  it  is  less  than  this,  solid  matter  will  deposit 
and  must  be  removed  by  manual  labor. 


58.  Size  and  Caimelty,— The  final  and  most  important 
question  to  be  decided,  in  designing  a  system  uf  sewers,  is 
the  question  of  size.  This  question  can  be  decided  much 
more  satisfactorily  for  sewers  that  are  to  convey  only  sewage 
proper  than  fi»r  those  that  are  to  convey  storm  water  also. 

The  aggregate  yearly  discharge  of  house  sewage  from 
built-up  residence  areas  is  greater  than  the  entire  volume 
of  storm  water  that  ordinarily  reaches  the  sewers  during 
ihe  same  period.  Yet  the  sewer  capacity  required  for 
ample  house  drainage  is  about  ^  that  commonly  given  to 
storm- water  sewers  for  like  areas.  This  is  due  to  the  fact 
that  the  discharge  of  storm-water  sewage  may  be  very  exces- 
sive for  short  periods  of  time  and  nothing  at  all  for  quite  long 
peritxls,  while  the  discharge  of  house  sewage  is  reasonably 
constant.  The  capacity  of  the  sewer  must  be  sufficient  to 
provide  for  the  maximum  rate  of  discharge. 

The  maximum  rate  of  discharge  must  always  be  carefully 
considered-  This  maximum  rate  is  so  great  for  storm- water 
sewers  that  It  is  not  considered  necessary  to  provide  addi- 
tional capacity  for  the  domestic  sewage  in  sewers  of  the 
combination  system.  For  sewers  of  the  separate  system, 
the  required  capacity  may  be  materially  greater  in  a  manu- 
facturing than  in  a  residence  disirit-t.  This  is  due  to  two 
reasons.  First,  the  daily  quantity  of  sewage  from  a  manu- 
facturing district  may  be  considerably  greater  than  from  a 
residence  district  of  the  same  size,  and,  secund,  the  entire 
daily   sewage    from    the    manufacturing    district   may   be 
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discharged  during  a  few  hours,  while  that  from  the  residence 
district  will  generally  be  distributed  through  the  greater 
part  of  the  24  hours. 

The  waste  of  water  is  generally  more  nearly  constant  than 
its  legitimate  use.  Consequently,  the  greater  the  per- 
centage of  water  wasted,  the  more  nearly  uniform  will  be 
the  discharge  of  sewage  and  the  less  will  the  maximum 
exceed  the  average  discharge.  These  and  all  similar  con- 
ditions must  be  carefully  investigated  and  considered,  as 
relating  to  each  particular  case,  and  the  required  capacities 
of  the  sewers  must  be  determined  accordingly. 

TABI.E  II 
CAPACITY   OF  CIRCULAK   8KWER8   FLOWING   FULL, 


Diameter 

Slope, 

ur  Head, 

Divided  by  Length 

of  Pipe 

of  Pipe 
in  Inches 

I  in  40 

1  in  70 

I  in  100 

1  in  200 

1  In  300 

X  in  400 

I  in  600 

5 

.456 

.344 

.288 

.204 

.166 

.144 

.118 

6 

.762 

.576 

.482 

•341 

.278 

.241 

.197 

7 

1. 170 

.88y 

.744 

.526 

.432 

.372 

.304 

8 

1.700 

I  .2(/J 

1.080 

.765 

.624 

.540 

.441 

9 

2.370 

I   7<>o 

1.500 

1 .060 

.868 

.750 

.613 

lO 

2.400 

2.010 

1.420 

1 .160 

1. 000 

.820 

II 

3.120 

2 .  630 

1.860 

1.520 

1. 310 

1.070 

12 

4.000 

3  350 

2.370 

1.930 

1.670 

1.370 

»5 

6.180 

4.370 

3.570 

3.090 

2.520 

|8 

10.210 

7 .  220 

5.890 

5.100 

4.170 

20 

13-^50 

9.650 

7.880 

6.820 

5.570 

22 

17.710 

12.520 

10.220 

8.850 

7.230 

24 

15.800 

13.000 

I I . 230 

9.170 

26 

19.730 

16.000 

13.960 

11.390 

28 

24.150 

20.500 

17.070 

13.940 

30 

29 .  OvSo 

24.750 

20.560 

16.790 

To  use  the  above  table,  first  compute  the  volume  of  water 
in  cubic  feet  that  requires  to  be  removed  per  second  during 
the  heaviest  rainfall.  Next,  under  the  proper  sewer  grade 
in  the  table  find  the  discharge  nearest  to  the  computed 
amount  to  be  removed;  then,  by  following  to  the  left 
column,  the  diameter  uf  pipe  required  is  found. 
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59,  To  accurately  proportion  sewers  for  large  districts, 
it  is  necessary  to  use  very  complicated  formulas  and  to  make 
elaborate  surveys.  This  is  the  work  of  the  municipal,  civil, 
or  sanitary  engineer  rather  than  that  of  the  plumber.  Since, 
however,  plumbers  are  occasionally  called  on  to  lay  large 
sewers  for  suburban  districts  or  country  estates,  Table  11, 
taken  from  Kent's  Mechanical  Engineers'  Pocket  I^>ok,  is 
given.  In  this  table  the  discharge  is  given  in  cubic  feet 
per  second. 

Example. — The  total  roof  area  of  buildings  whose  storm  water  is  to 
be  removed  is  80,000  square  feet.  The  total  area  of  the  corres|K)ii(liiijr 
back  yards,  pavement,  and  macadam  road  is  40.000  square  feet.  The 
fall  of  the  sewer  is  1  in  100.  The  rainfall  being  4  inches,  75  |H;r  cent,  of 
which  will  reach  the  sewer,  what  should  be  the  size  of  the  sewer  pijMi  ? 

Solution. — The  total  area  of  the  surface  to  be  drained  is  80,000 

-f  40.000  =  120,000  sq.  ft.   75  per  cent,  of  4  =  3  in.  of  rainfall  =  .25  f(H>t. 

120  (KM)  X  25 
Therefore,  the  volume  of  water  to  be  removed  per  second  =  — i;:      „,' 

^  60X  60 

=  8.3  cu.  ft.     Referring  to  the  table,  in  the  column  headed  1  in  100, 

and  in  the  left-hand  column,  we  notice  that  an  18-inch  pipe  delivers 

10.21  cu.  ft.   per  second.     This  size  of  pipe  is  chosen,  since  the  next 

ssmaller  size,  15-inch,  is  too  small.     If  a  17-inch  pipe  could  be  obtained, 

it  would  be  large  enough  to  safely  carry  the  storm  water. 


H 


60.     8ewer  Branches. — House  connections  are  made  to 
pi[)e    sewers    by    means   of   a   special 

Y  branch.  This  fitting  is  shown  in 
Fig.  10,  by  a  top  view  and  side  eleva- 
tion. It  consists,  essentially,  of  a  length 
or  cylinder  of  sewer  pipe  intersected  by 
a  cylinder  of  smaller  diameter,  the  angle 
of  intersection  of  the  axes  of  the  two 
cylinders  being  about  30°.  The  branch 
can  be  turned  either  to  the  right  or  left. 
Until  a   house  connection  is  made  to  a 

Y  branch,  the  end  of  the  branch  is  closed 
by  a  cap,  or  stopper,  the  general  form 
of  which  is  shown  at  c  in  the  figure. 
For  making  the  hou.se  connections  to 
brick  sewers,  a  piece  of  pipe  corresponding  to 


a 


Fig.  10 

the  smaller 


,£v;Bi<^«^ 


B  .    UvisU*^^         \Wa«'^^-  ..-wets   »«" 

*•      W^'^'^'^'t^^^^'''  entente  ^^;,,es  a*« 
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62.  Tees. — Pipes  having  somewhat  the  form  of  the 
letter  T  and,  from  the  similarity,  called  tees  or  T's,  are 
used  for  certain  purposes  in  the  construction  of  sewers. 
It  is  not  a  proper  connection  for  branches,  as  it  produces 
too  abrupt  a  change  in  the  direction  of  the  current,  causing 
eddies  and  deposit.  It  is,  however,  a  good  fitting  for  certain 
purposes,  such  as  lamp  holes,  handholes,  and  flushing-out 
openings,  where  a  hose  may  be  applied  for  the  purpose  of 
flushing  a  section  of  the  sewer. 

63.  Handholes.  —  Sections  of  sewer  pipe  having  a 
detachable  piece,  as  shown  in  Fig.  13,  are  sometimes  laid  at 
intervals   along    a   pipe 


sewer.       Such     sections 

are   commonly   called 

liandholes,       although 

the     name     is    more 

properly  applied  to  the 

opening.      They    afford 

a    means    of    removing 

obstructions  from  the   sewer   without   breaking   the   pipe. 

When   used,   they  are   laid  at   intervals  of  about   100  feet 

along  the  sewer.     As,  however,  house  connections  are  not 

usually  made  to  all  the  Y  branches  laid  for  that  purpose, 

the  unused  Y  branches  may  be  made  to  serve   the   same 

purpose    as    handholes    by   simply   removing   the   cap,    or 

stopper. 

64.    Junctions. — Substantially  the  same  fitting   as  the 
Y  branch  is  used  for  the  junction  of  two  lines  of  pipe  sewers. 
The  relative  sizes  of  the  branch  and  main 
pipes  are  varied  to  suit  different  require- 
ments, and   the   form    is   also    somewhat 
varied.     Where   two   branch   sewers   join 
a  main  sewer,  a  double  Y  branch,  as  shown 
in  Fig.  14,  is  employed.     In  pipe  sewers 
and  all  sewers  too  small  to  be  entered,  the 
curves  for  the  junctions  should  be  entirely 
within,  or  accessible  from,  the  manholes. 
W— 19 
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The  junctions  of  brick  sewers  are  sometimes  quite  diffi- 
cult of  construction.  The  radii  of  the  connecting  curves 
should  be  as  great  as  practicable,  generally  from  about  10  to 
50  feet,  according  to  the  size  of  the  sewer,  the  longer  radii 
being  for  the  larger  sewers;  the  sewers  should,  when  pos- 
sible, connect  tangentially. 

66.  Manlioles. — Where  two  or  more  sewers  unite,  an 
opening  leading  to  the  surface  of  the  street  should  be  con- 
structed for  the  purpose  of 
affording  access  to  the 
sewer.  Such  openings  are 
called  manholes.  A  man- 
hole is  shown  in  Fig.  15.  It 
is  here  shown  as  constructed 
at  the  junction  of  three  pipe 
sewers,  but  the  construction 
will  be  substantially  the 
same  for  any  case.  Man- 
holes are  constructed  of 
brick;  they  may  be  directly 
over  the  sewer  or  somewhat 
to  one  side,  as  circumstances 
may  requii'e.  In  America, 
however,  they  are  generally 
constructed  directly  over 
the  sewer.  The  walls  should 
be  8  inches  thick  and  plas- 
tered on  the  outside  with 
cement  mortar.  The  foun- 
dation and  bottom  of  the 
manhole  should  be  formed 
of  concrete,  which  should  be 
brought  up  to  a  level  with 
the  bottom  of  the  sewer.  The  bottoms  of  manholes  should 
be  carefully  made  to  conform  to.  the  shape  of  the  sewer. 
The  top  of  the  manhole  should  be  covered  with  a  perforated 
cast-iron  cover,  the  top  of   which  should  be  on  a  level  with 
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^he  surface  of  the  street.     In  some  cases,  a  dust  pan  is  hung 
^tilow  the  cover 

66.  Manholes  should  be  constructed  at  all  junctions 
(tixcept  house  connections)  at  the  upper  ends  of  curves, 
^iid,  where  the  distance  between  such  points  is  great,  at 
^>ccasional  street  intersections.  In  general,  they  should  be 
^-constructed  at  all  points  where  it  may  be  desirable  to  have 
Uccess  to  the  sewer  for  the  purpose  of  inspection,  repairs,  the 
removal  of  ol)Structions,  or  for  any  other  purpose.  They 
afford  a  means  for  making  the  connections  between  pipe 
Sewers  that  cannot  be  satisfactorily  connected  by  the  ordi- 
nary Y  branch,  as  is  often  the  case  with  large  pipe  sewers. 
In  such  cases,  all  the  tributary  sewers  discharge  into  the 
manhole,  to  which  an  outlet  is  afforded  by  the  main  sewer. 
Manholes  also  serve  to  ventilate  the  sewers.  It  should  be 
Htated,  however,  that  the  construction  of  manholes  adds 
materially  to  thecost  of  a  sewer  and  they  should  not  be  con- 
iitructed  more  frequently  than  necessary. 

67.  Jjanip  Holes. — For  pipe  sewers,  where  I  he  distances 
between  manholes  is  considerable,  the  means  of  observing 
the  condition  of  the  sewer  at  inter- 
mediate points  may  be  afforded  by  what 
are  called  lamp  liole«.  A  lamp  hole  is 
formed  by  placing  a  T  in  the  line  of  the 
sewer  and  carrying  a  vertical  pipe,  or 
stand  pipe,  to  the  surface,  as  shown  in 
Fig.  U).  The  sewer  may  be  examined 
by  means  of  a  lamp  lowered  through  the 
vertical  pipe.  The  lamp  hole  may  stop 
just  beneath  the  pavement,  and  its  top 
may  be  covered  with  a  light  casting,  or 
it  may  be  carried  nearly  to  the  surface 
and  its  top  protected  by  a  cast-iron  frame 
having  a  heavy  cover,  as  shown  in  the 
figure. 

If  the  lamp  holes  are  carried   to  the 
surface  and  covered  with  perforated  cast-iron  covers,  they 
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will  assist  materially  in  the  ventilation  of  the  sewer.  Lamp 
holes  can  be  cheaply  constructed;  they  afford  means  for 
inspect mg  the  condition  of  pipe  sewers,  but  do  not  give 
access  to  the  sewer  for  cleaning  or  removing  obstructions. 

68.  Cateli  Basins. — For  the  purpose  of  admitting  storm 
water  to  the  sewers,  catch  iMisins  are  placed  at  street  corners, 
and  sometimes,  if  the  block  be  long,  at  intermediate  ix)ints 
also.  Catch  basins  are  built  in  various  forms,  most  of  which 
consist  of  a  chamber  or  basin  into  which  the  storm  water 
flows  directly  from  the  street  gutters,  having  an  outlet  into 
the  sewer  from  a  point  at  some  distance  above  the  bottom. 
By  this  arrangement,  a  large  portion  of  the  coarsest  and 
heaviest  of  the  matter  suspended  in  the  storm  water  will  not 
enter  the  sewer,  but  will  settle  to  the  bottom  of  the  catch 
basin  and  be  there  retained.  In  order  to  prevent  sewer 
^as  from  entering  the  catch  basin  (from  which  it  would 
csca[)e  in  the  vicinity  of  the  sidewalk  and  be  very  objec- 
tionable), the  outlet  to  the  sewer  is  given  such  a  shape  as 
to  form  a  trap. 


01).     The    roninion    form  of   catch    basin   in  the  United 
Stales  is  shown  in  Fig.  17.     It  is  generally  built  of  brick,  but 

is  sometimes  built  of 
concrete,  or  of  earth- 
enware pii>e.  In  the 
figure,  o  is  the  open- 
ing for  admitting  the 
storm  water  from  the 
gutter;  /,  the  trap  to 
the  outlet  leading  to 
the  sewer  s\  u\  the 
surface  of  the  water, 
and  ;//,  the  deposit  of 
mud  and  sedimentary 
refuse;  c  is  a  cast-iron  conxt  to  an  opening  in  the  top  of 
the  (atch  basin,  through  which  the  deposited  mud  and 
refuse  may  be  removed. 


Fig.  17 
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It  is  important  tliat  catch  basins  shotikl  be  perfectly 
"ivater-tight,  in  order  to  maintain  the  water  surface  at  or 
^*ery  near  the  level  shown  in  the  figure.  Thh  is  necessary, 
in  order  both  to  cover  the  deposit  of  mud  and  pre- 
A'ent  it  from  g^iving  off  disag^reeable  gases  and  to  seal 
t.he  trap  aj^ainst  the  escape  of  sewer  g:is.  The  water  level 
in  street  catch  basins  should  be  from  3  to  3  feet  below  the 
street  surface  and  the  total  depth  of  the  basin  should 
he  generally  from  G  to  8  feet,  in  order  to  avoid  freezing. 
The  construction  may  be  varied  in  detail  tu  suit  circiim- 
stances. 

70,  Beware  Litts-^In  order  that  the  sewers  shall  not 
btjcome  clog^ed^  the  sewage  must  flow  with  sufficient 
velocity  to  keep  the  sewers  clean.  This  requires  that  the 
sewers  shall  be  laid  to  grades  having  sufficient  inclination 
to  induce  the  required  velocity*  In  low-lying  districts, 
such  grades  are  not  always  available  without  requiring  the 
sewage  to  be  piuntied  or  otherwise  lifted;  in  other  words, 
the  available  faM  to  the  outlet  is  not  enough  to  convey 
the  sewage,  and  the  expedient  of  allowing  the  sewage  to 
flow  to  a  low  point  in  the  system^  and  there  lifting  it  to  a 
higher  level  from  which  it  will  flow  to  the  outlet,  must  be 
resorted  to. 

71.  Fig,  18  shows  a  sewage  lift  that  is  commonly  used. 
In  I  his  device  compressed  air  is  applied  to  lift,  the  sewage, 
which  flows  by  gravity  through  the  inlet  a  and  is  admitted 
to  the  large  chamber  or  reservoir  r.  When  full,  the  press- 
ure iif  the  sewage  lifts  the  small  bell  ff  that  operates  a  valve 
and  admits  compressed  air  into  the  reservoir  through  the 
pipe  r  This  increases  the  pressure  in  r  and  forces  the 
sewage  out  through  the  outlet  A.  When  the  chamber  is 
empty,  the  air  valve  is  closed  and  a  vent  hole  to  r  is  opened 
by  the  weight  of  the  small  bucket  c,  which  is  always  full 
of  sewage,  A  check-valve  ofiening  toward  the  reservoir  is 
placed  at  the  foot  of  the  inlet  pipe  opening,  and  another 
chcck*valvc  that  opens  toward  ^  is  placed  at  the  foot  of 
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the   outlet   pipe    h.      These    check-valves   prevent   sewage 
in  r  from  entering  a  when  the  air  pressure  is  on,  and  the 


sewage  in   h  from  backing  into  r  when  the  pressure  is  off. 


SANTTAUY   IlEQTrinKMEXTft   OF  SEWERAGE 

72.     Necessity    for    Fliishlnflr   and    Ventilating:. — In 

order  to  form  some  idea  of  the  great  amount  of  gas  con- 
stantly generated  in  a  sewer,  it  is  only  necessary  to  observe 
the  column  of  va[)or  rising  from  a  manhole  on  a  frosty 
morning,  or  to  get  a  smell  of  the  same  on  a  warm  day. 
This  gas  is  given  off  by  decomposing  sewage,  which  gets 
stranded  in  considerable  (juantities  during  the  shallow  flow 
of  dry  weather,  and  more  or  less  of  which  adheres  to  the 
sides  of  the  sewer  at  all  times.  Fresh  sewage  is  not  very 
offensive,  but  after  rapid  decomposition  has  begun  in 
sewage,  immense  quantities  of  sewer  gas  are  liberated.     It 
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is^  therefore,  evident  that,  in  order  to  so  far  as  possible 
prevent  the  generation  of  sewer  gas,  the  sewers  should  be 
frequently  and  thoroughly  flushed,  washing  out  the  accumu- 
lations of  decomposing  sewage.  The  generation  of  sewer 
gas  is  largely  prevented  by  keeping  the  sewers  clean.  This 
sewer  gas,  which  is  constantly  generated  in  sewers,  must 
escape.  Ventilation  of  the  sewers  is  of  great  importance. 
The  air  in  sewers  should  never  be  stagnant,  but  should  be 
kept  constantly  in  motion,  being  allowed  to  escape  at  cer- 
tain i)oints  in  the  system  and  renewed  at  others.  By  thus 
maintaining  the  circulation,  all  impurities  will  be  more  or 
less  oxidized,  instead  of  collecting  in  putrefying  masses, 
and  the  air  in  the  sewer  will  not  generally  contain  injurious 
gases  in  great  quantity. 

73.  Means  of  Ventilation. — The  efficient  ventilation  of 
a  system  of  large  sewers  is  a  difficult  problem,  and  up  to  the 
present  time  it  has  not  been  satisfactorily  solved.  Some  of 
the  highest  authorities  that  have  investij^atcd  the  niattiM' 
have  concluded  that  the  most  effective  expeditMit  is  to  vrn- 
tilate  through  manholes  and  air  inlets  in  the  niiddk'  <>f  ilu» 
street.  This  is  highly  objectionable  on  account  of  ihc  dis- 
ap^reeable  odors,  but  is  perhaps  as  free  from  danj^er  as  any 
cheap  method  of  ventilation  that  can  be  employed.  Vm- 
tilation  by  manholes  is  reasonably  effective  with  air- 
currents  in  either  direction. 

74.  Methods  of  Flushing. — The  flushing  of  sewers  may 
be  accomplished  in  various  ways.  One  of  the  sini[)lcst 
methods  is  to  dam  up  the  sewage  by  gates  in  the  sewer  until 
it  is  nearly  or  quite  full,  then,  by  o[)ening  the  gates,  allow 
the  sewage  to  escape  with  a  strong,  full  current,  washinjj^ 
out  the  accumulations  of  solid  matter.  In  order  to  avoid 
holding  the  sewage  until  it  backs  up  into  cellars  and  base- 
ments, the  gates  used  should  not  reach  quite  to  the  top  of 
the  cross-section  of  the  sewer.  This  simple  method  of 
hushing  cannot  be  applied  to  the  upper  ends  of  sewers, 
where  other  expedients  must  be  resorted  to. 
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76.  Automatic  Flush  Tanks. — Sewers  may  be  kept 
reasonably  clean  by  regular  flushing  with  clean  water. 
This  may  be  accomplished  by  means  of  automatic  flush 
tanks  located  at  all  dead  ends  and  various  other  points 
along  the  sewers.  The  requisites  for  an  automatic  flush 
tank  are:  certainty  of  action,  rapidity  of  discharge,  simplic- 
ity, ease  of  inspection,  durability,  and  economy  both  in 
first  cost  and  maintenance.  Many  forms  of  automatic  flush 
tanks  have  been  invented,  not  all  of  which  will  meet  the 
above  requirements  for  the  usual  conditions.  Automatic 
flush  tanks  may  be  classified  as  tilting  tanks,  siphon  tanks^ 
and  vahc  tanks, 

70.  Tilting:  tanks  are  hung  on  horizontal  axes,  and 
each  tank  is  so  formed  that,  as  it  fills,  its  center  of  gravity 
becomes  changed  until  equilibrium  is  destroyed,  and  the 
tank  tilts  over  and  empties  itself.  When  empty  its  own 
weight  restores  it  to  its  former  position. 

77.  Siphon  tanks,  when  they  become  filled  to  the 
desired  point,  discharge  by  means  of  siphons.  They  differ 
somewhat  in  construction,  but  chiefly  in  the  device  employed 
to  start  the  siphon. 

78.  Valve  tanks  discharge  by  means  of  valves  that  are 
generally  operated  by  balls  floating  on  the  surface  of  the 
water. 

71).  Complicated  mechanism  is  very  undesirable  in  a 
flush  tank,  ^^)r  simplicity  of  construction,  the  siphon 
tanks  are  generally  to  be  preferred. 

80.  A  simj)lc  form  of  an  automatic  flush  tank  is  shown 
in  Fig.  19.  It  consists  of  a  large  chamber  c  into  which 
water  is  slowly  admitted  by  an  ordinary  faucet /.  The  tank 
empties  through  the  siphon  .v,  at  the  bottom  of  which  is 
hung  a  small  (\'ist-iron  tilting  basin  h.  As  the  tank  fills,  the 
water  gradually  rises  through  the  free,  or  ascending,  leg  of 


basin  about  1  inch.  This  [produces  siulden  rarefaction  in 
the  siphnii  and  brings  it  proinpily  inln  fnll  action.  When 
the  discharge  ceases  the  l>asin  tilts  back  to  its  former 
IKisition. 

81 »  C'lipacity  of  Flii^li  Tnnks,^Fhish  lanks  should 
have  discharging  cafjacitit^s  equal  to  thcjse  of  the  scvvrrs 
into  which  they  discharj^e;  for  the  separate  system,  they 
are  commonly  constructed  with  capacities  ranging  from 
about  l*i5  to  25ft  gaUons,  They  should  di*;charge  auto* 
matiraUy  onie,  or  at  most  twice,  thtring  each  '14  hours.  For 
thc^rf>ugh  flushing,  the  tank  should  generally  be  so  located 
as  to  give  a  head,  in  feet,  equal  to  from  one-half  to  three- 
qtiartcrs  the  diameter  of  the  sewer  in  inches.  The  head 
required  by  this  nilc  cotlid  not,  however^  be  readily  obtained 
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for  the  large  sewers  of  the  combined  system.  It  may  be 
stated  that  the  problems  of  both  ventilating  and  flushing 
are  much  simplified  in  the  separate  system. 


SKWKR  TRAPS 

83.  A  sewer  trap  is  a  bent  pipe  or  other  device  that  is 
so  constructed  as  to  allow  sewage  to  flow  freely,  but  will 
not  allow  sewer  gas  to  pass  through  it.  There  are  many 
different  kinds  in  use,  but  the  following  will  suffice  to  give 
a  clear  understanding  of  their  construction. 

83.  A  masoirs  trap  is  made  of  brick  and  cement,  and 
sometimes  also  of  pieces  of  flagstone.  It  is  so  called 
because  it  was  formerly  built  by  masons.  Although  a  num- 
ber of  mason  traps  are  still  in  use,  their  construction  is 
strictly  forbidden  by  sanitary  authorities,  because  they  are 
foul,  non-self-cleaning  chambers. 

84.  A  plain  riinningr  trap  is  shown  in  Fig.  20. 
Although  it  is  a  good  trap  if  the  velocity  of  the  sewage  is 
reasonably  high  (5  feet  per  second  or  more),  yet  when  the 


Pig.  20 

sewage  velocity  is  low,  the  foul  matter  will  accumulate  at  a 
b(H\'uise  the  inlet  and  outlet  of  the  trap  are  about  level. 
Another  objection  is  the  lack  of  a  handhole  for  access  to  the 

trap. 

85.    Fig.  21  shows  a  rnmiiiitf  trap  with  clean-out.    It  is 

substantially  the  same  as  that  shown  in  Fig.  20,  except  that  a 
handhole  is  provided  at  a  for  cleaning-out  purposes.     As  this 
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handhole  branch  soon  becomes  filled  with  grease  and  other 


Pio.  n 


foul  matter,  it  forms  a  fouling  chamber  that  is  not  desirable. 

86.     A  lluchan's  trap  is  shown  in  Fig.  22.     It  is  a  self- 
cleaning  trap  provided  with  a  clean-out  opening  a  that  may 
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be  continued  above  the  ground  and  used  as  a  ventilator,  or 
it  may  he  capped,  as  at  b,  and  used  only  as  a  handhole. 
These  traps  can  be  had  with  a  handhole  at  r,  as  shown  by 
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dotted  lines.  One  af  the  Ijcst  features  of  this  trap  is  the 
cascade  that  is  formed  at  J  by  having  the  inlet  IIjj  *2  or 
3  inches  higher  than  the  outlet.  This  cascade  drives  tlown 
all  matter  in  the  trap^  caiising^  it  to  dive  under  the  tong;iie  e 
and  thus  escape  to  the  outlet,  as  shown  by  the  arrows, 

87.  For  underground  sewerage  work  the  traps  are 
usually  made  of  vitrified  earthenware.  All  traps  used 
on  sewers  should  be  circular  in  cross-section,  experience 
having  shown  that  if  given  this  form  they  are  almost 
entirely  self-cleansing;  that  is,  they  are  cleaned  by  the 
liquid  in  the  sewage;  the  seals  should  not  exceed  S  inches. 


/> 


^ 


r  : 
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Fig.  3A 


88,     Traps  for  storm- water  drains  must  necessarily  have 
deej*  seals  to  allow  for  tlie  inevitable  loss  of  seal  that  occurs 
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during  dry  seasons.  The  ordinary  sewer  traps  having  seals 
of  3  inches  or  less  are  not  suitable  for  storm  water  traps. 
As  there  does  not  appear  to  be  many  specially  deep  seal 
traps  on  the  market,  we  show  by  Fig.  23  iiow  a  safe  and 
satisfactory  deep  seal  trap  can  be  made  from  ordinary  pipes 
and  Bttings,  A  cap  a  closes  the  end  of  the  lower  T.  A 
grating  or  dead  plate  may  be  used  at  ^,  as  desired.  The 
seal  of  this  trap  will  be  about  3  feet  if  a  full  length  of  pipe 
is  used  at  r.  If  the  trap  is  made  of  glazed  earthenware 
pipeSj  the  lower  fittings  should  be  imbetlcied  in  concrete  */,  as 
sh(*wn.  This  will,  under  ordinary  circumstances,  prevent 
leakage  at  these  fittings  and  a  consequent  loss  of  seal-  If 
there  will  be  any  heavy  traffic  over  this  trap,  or  if  the  first 
cost  is  not  a  hindrance^  it  is  advisable  to  make  it  out  of  cast- 
iron  pipe  and  fittings  to  prevent  it  from  being  broken  or 
made  leaky. 


HOUSE  CDNNECTrOXS  TO  SKWKRS 

89*  Gene  ra  I  HI  re  et!  o  n  s. — T  h  e  li  ( ui  se  se  w  e  r  c  o  n  n  ec  1 1  on , 
or  that  part  of  the  general  sewerage  system  that  connects 
the  house  plumbing  system  to  the  city  sewer,  cesspool, 
settling  tank,  or  other  place  of  disposal,  is  usually  ma^le  of 
vitrified  earthenware  pipe,  if  the  ground  is  old  and  has 
already  settled  down  and  become  compact.  If,  however ^ 
the  ground  is  loose,  that  is,  filied  in,  or  made,  ground  then 
cast-iron  pipe  shtiuld  be  used  instead.  If  earthenware 
fiewer  pipe  is  laid  in  made  ground,  It  usually  becomes 
cracked  and  broken  by  the  settling  of  the  ground.  The  pijie 
shuuld  always  be  run  straight  from  the  house  wall  to  tht^ 
branch  or  spur  on  the  sewer.  If  any  rocks  or  boulders  are 
encountered  in  digging  the  trench,  they  should  either  be 
removed  or  cut  away  so  as  to  insure  a  straight  run. 


!M>,  3Iiiln  Drain  Trap. — If  the  Interceptiiiflr  trap,  or 
txiulti  ilnilii  ti*up^  is  located  on  the  house  sewer  line  under 
the  ground,  it  should  be  set  in  a  manhole^  if  possible,  as 
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shown  in  Fig.  24,  so  as  to  be  easily  accessible  in  case  of 
chokage  or  for  testing  purposes.  The  trap  a  has  a  1 J -inch 
or  2-inch  seal.  On  the  sewer  side  of  the  trap  is  located  a 
brass  screw  cap  b  for  access  to  the  sewer  pipe  r,  which  con- 
nects with  the  public  sewer  or  other  place  of  disposal.  This 
allows  cleaning  rods  to  be  pushed  through  c  to  clear  any 
obstructions  that  may  exist  beyond  the  trap  a.  An  inspec- 
tion and  cleaning-out  chamber  or  handhole  should  also  be 
provided  on  the  house  side  of  the  trap,  as  at  d^  so  that  the 
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Pig.  :m 


piper  between  the  trap  and  the  house  may  also  be  insj)ected 
or  cleared  if  desired.  A  branch  may  be  connected  to  d  by 
removing  the  flange  f  and  bolting  on  a  branch  fitting 
instead.  A  branch  taken  from  the  top  of  v  and  extended 
into  the  manhole  with  an  open  end,  as  shown  at  ^,  is  called 
the  fresh-air  inlet,  because  it  allows  fresh  air  to  enter  the 
drainage  system,  as  shown  by  dotted  arrows.  The  cast- 
iron  plate  /  finishes  flush  with  the  ground  and  is  perforated 
to  admit  air  to  the  manhole. 


Htjies  A  and  r,  each 
*->€  which  iscontin- 
^-itfd  up  full  size  to 
^lie  ground,  and 
ci^^pped  flush  with 
t-  lie  ground  by 
^r^  cans  of  brass 
*:3^"rew~cap  ferrules 
^-^atid  If.  IjUm  the 
i  filet  hub  of  the 
Vrap  i^  calked  a  T, 

l^he     branch    of 

xvhich  is  continued 

up      above       the 

ground     h'ne    and 

ssurmounted    by   a 

\'entilator  or  hcKid  /  that  formn  the  fresh -air  inlet   for  the 

liouse  drainage  system.  If  the  hood  /were  calked  on  «/, 
and  the  pipe  //  ^  thus  used  as  a  fresh-air  inlet,  the  cold  air 
falling  through  //  would  be  liable  to  freeze  the  water  in  the 
trap  f?  during  the  night,  when  little  or  no  sewage  is  passing 
til  rough  the  trap. 


Fig.  35 


!>-},  lAtviUlugi  Hole  In  Cellar  Wall  fur  Hower  Vow 
n**i'il<iii.— It  is  necessary  for  the  pUunber  to  know  the 
exact  location  of  the  hole  in  I  he  cellar  wall  where  the  sewer 
cuinieciiou  will  enter  the  building.  Some  times  this  must 
tjc  determinetl  before  the  cellar  walls  are  built,  so  that  the 
builder  may  leave  the  hole  in  the  wall  at  the  proper  height. 
This  is  better  than  cutting  the  hole  after  the  walls  are 
built.  To  locate  the  hole  exactly,  the  plumber  slundd  call 
un  the  city  engineer^  examine  the  sewer  map  of  the  district, 
and  from  it  determine  the  depth  of  the  sewer  below  the 
grade  line  of  the  street,"  or  the  curb,  or  any  other  fixed 
object.  He  must  then  determine  how  high  above  the  flow 
line,  or  bottom  of  the  sewer,  he  will  be  required  to  make  his 
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connection.  Or,  he  may  go  down  the  two  nearest  manholes 
in  the  street  and  take  measurements  himself,  as  explained 
below. 

93«     Fig.  26  (a)  shows  a  36-inch  brick  sewer  a  running 
along  Park  Avenue.     A  building  d  is  being  erected  facing 
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(b) 
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(c) 
Fig.  26 


Park  Avenue,  and  the  sewage  from  d  will  enter  the  main 
sewer  at  the  point  c.  Manholes  are  located  at  the  street 
crossings  where  the  lateral  sewers  join  the  main,  or  trunk, 
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line  on  Park  Avenue.  The  sewer  a  is  straight  from  man- 
hole to  manhole,  which  can  be  determined  by  lowering  a 
lamp  at  one  manhole  and  looking  through  from  the  other. 
But,  the  street  grade  is  not  uniform  between  the  manholes. 
Therefore,  the  depth  of  the  sewer  at  c  below  the  street 
grade  cannot  be  determined  by  merely  measuring  the  depth 
of  the  manholes.  To  obtain  this  depth,  a  rod,  say  18  feet 
long,  should  be  held  upright  in  each  of  the  manholes,  as 
at  d,  d\  Fig.  26  (b).  A  third  party  should  hold  a  rod 
immediately  over  the  "point  r,  as  shown  at  e.  A  sight  line, 
shown  dotted,  should  then  be  taken  by  the  eye  from  tip  to  tip 
of  the  rods  d,  d\  A  slide  should  be  moved  up  and  down 
the  rod  e  till  it  is  exactly  on  the  sight  line.  The  distance 
from  this  slide  to  the  surface  of  the  street  is  then  noted. 
Let  us  suppose  it  is  14  inches.  Now,  as  the  rods  d^  d'  each 
stood  on  the  sewer  bottom  while  the  measurements  were 
taken,  and  as  the  sewer  between  the  two  manholes  is 
straight,  it  follows  that  the  distance  from  the  street  grade  to 
the  sewer  bottom  at  the  point  r  =  18  feet  —  1  foot  2  inches 
=  16  feet  10  inches.  But,  as  the  sewer  has  an  inside  diam- 
eter of  36  inches,  and  as  the  house  sewer  cannot  join  it 
below  the  arch,  it  follows  that  the  bottom  of  the  house 
sewer  must  enter  the  main  sewer  at  a  point  at  least  1  foot 
G  inches  above  the  main  sewer  bottom,  or  16  feet  10  inches 
—  1  foot  6  inches  =  15  feet  4  inches  below  the  street  grade 
over  the  point  c.  The  bottom  of  the  hole  in  the  cellar  wall 
should  be  a  little  higher  than  this  to  allow  a  proper  pitch 
down  to  the  street  sewer.  Suppose  the  distance  of  the 
cellar  wall  from  the  sewer  to  be  50  feet ;  a  pitch  of  1  foot  in 
that  distance  will  be  sufficient  to  insure  good  drainage. 
The  bottom  of  the  hole,  therefore,  should  be  located  15  feet 
4  inches  —  1  foot  =  14  feet  4  inches  below  the  surface  of 
the  street  over  the  point  c.  To  mark  off  the  hole  at  the 
cellar  wall,  it  is  only  necessary  to  run  a  level  line  from  the 
street  grade  over  the  point  c  to  a  point  over  the  cellar 
waliy,  as  shown  at  ^, //  in  the  cross-section  in  Fig.  26  {c). 
Then  14  feet  4  inches  are  measured  downward  and  the 
position  of  the  bottom  of  the  hole  is  marked  off,  as  at  i, 
64—20 
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If  surveying  instruments  are  used,  the  holes  can  be  located 
easier  and  quicker.  The  method  given  shows  how  they 
can  be  located  without  instruments. 


DKFECTS  IN   8K\VER  CONSTUUCTION 

1)4.  C'liokajire  of  I>ralus  and  Sewers. — The  causes  of 
chokage  of  drains  and  sewers  are  numerous.  Some  drains 
become  choked  at  regular  intervals  due  to  slow  accumula- 
tions of  grease  and  sediment  discharged  into  them.  Other 
obstructions,  however,  work  into  the  drain  through  defective 
joints  or  cracks.  Chokage  by  grease  can  be  avoided  by  the 
use  of  proper  grease  traps  attached  to  the  waste  pipes  of 
the  kitchen  sinks  and  laundry  tubs.  Chokage  by  sediment 
ran  be  avoided  by  giving  the  drain  or  sewer  a  pitch  that 
will  produce  a  velocity  of  flow  sufficient  to  wash  the  sedi- 
uKiiL  and  other  solids  forwards.  If  the  proper  pitch  cannot 
be  obtained,  a  flushing  tank  should  be  constructed  at  the 
highest  end  of  the  drain  and  allowed  to  discharge  into  it 
automatically  and  at  regular  intervals,  perhaps  once  or  twice 
in  'M  hours.     This  will  wash  out  the  contents  of  the  drain. 

1)5.     Defect ivo  Joints. — Defective   joints   are  probably 

the  most  common 
i^:^-'^:'"^*:a^^"\:ii\'r::--^-^'-  cause  of  chokage  in 
earthenware  drains. 
Fig.  27  shows  one  of 
them.  The  spigot 
end  a  should  have 
been  raised  until 
the  axis  of  the  pipe 
was  in  line  with 
that  of  the  other. 
This  would  prevent 
the  cement,  of 
which  the  joint  is  made,  being  pushed  through,  as  at  d, 
and  dripping  on  the  bottom  of  the  pipe,  as  at  r,  thereby 
forming  an  obstruction  to  the  flow  of  the  sewage. 


Fig.  W 
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9Ct  Fig.  '28  shows  how  a  drain  or  ^ewer  may  bt-cume 
choked  with  sand  and  gravel.  The  wurknum  lias  faikd  to 
ctinient  the  butti>m  uf  the  joints.  The  liquid  sewage  flows 
out  at  some  of  the  joints,  as  at  a,  and  forms  a  current  under 


iV:^'  * 


_--^, 


the  pipe  that  carries  sand  and  miid  with  it.  If  this  water 
enters  tht'  tn[>e  at  any  uf  the  other  ofjen  joints,  as  at  i,  ^, 
the  sand  will  acctnnnlate  in  the  pipe  at  r  ijr  elsewhere  and 
ultimately  chuke  it  at  the  nearest  place  where  the  pitch  is 
not  great  enough  for  the  sand  to  be  washed  forwards. 


1%  < JlI^  Pi  f;  r  1-  t. 
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97.     Fig,  30  shows  how  a  drain  a  may  be  choked  by  tree* 

routs  if  the  joints  are  not  carefully  cemented.     The  roots, 
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particularly  those  of  the  willow  tree,  grow  toward  water. 
Their  delicate  extremities  will  enter  a  sewer  pipe  through 
very  small  holes,  as  shown  at  b^  b,  etc.,  ultimately  chokmg 
the  pipe  by  the  growth  of  small  fibrous  roots,  as  at  r,  which 
shows  the  roots  inside  the  pipe.  To  avoid  this,  the  joints 
must  be  thoroughly  cemented  all  around. 

98.  Sewers  Not  Water-Tlglit. — Sewers  in  the  vicinity 
of  wells  must  be  made  perfectly  water-tight  and  of  durable 
material.  Earthenware  is  not  sufficiently  reliable  for  this 
purpose.  Iron  pipe,  preferably  extra-heavy  cast  iron, 
should  be  used.  If  sewers  leak  in  the  vicinity  of  wells,  the 
water  supply  is  very  liable  to  become  poisoned  by  being 
mixed  with  the  leaking  sewage.  The  sewage  soaks  down 
through  the  ground  until  it  reaches  the  body  of  water  from 
which*  the  well  is  supplied.  The  safe  distance  for  an 
earthenware  sewer  pipe  from  a  well  depends  on  the  forma- 
tion of  the  ground.  In  some  cases  100  feet  is  quite  safe, 
while  in  other  cases  300  feet  may  not  be  safe.  It  is  safest 
always  to  use  iron  pipe  where  there  is  any  doubt. 

99.  Evil  Effects  of  Small  Sewers. — If  sewers  are  made 
too  small  to  freely  remove  all  the  surface  water  and  sewage 
that  flow  into  them,  they  fill  up  during  heavy  rain  storms. 
The  pressure  due  to  the  hydraulic  head  thus  created  forces 
sewage  back  into  the  branches  that  connect  the  houses  to  the 
sewer,  causing  the  sewage  to  overflow  into  cellars  through 
floor  strainers,  water  closets,  or  laundry  tubs.  To  prevent 
this  trouble,  it  is  advisable  to  place  backwater  traps  or 
check-valves  on  lines  that  may  be  flooded  by  sewage.  Gare, 
however,  must  be  taken  to  see  that  the  rain-water  leaders 
are  connected  to  the  sewer  side  of  these  check-valves;  other- 
wise, roof  water  from  the  building  itself  will  overflow  the 
fixtures  and  flood  the  cellar. 

100.  Fig.  30  shows  how  a  building  may  be  protected 
against  sewage  matter  backing  up  into  the  house  drains 
and  overflowing  the  fixtures  that  may  be  located  in  the 
cellar  or  basement.     We  will  assume  that  the  street  sewer  a 
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is  too  small.     The  storm  water  flows  into  it  from  the  street 
gutters  so  rapidly  that  the  sewer  becomes  entirely  filled  with 
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water;  and  pressure  of  water  from  street  gutters  and  roof 
leaders  of  the  neighboring  buildings  causes  the  contents  of  a 
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to  back  up  the  house  sewer  b,  flow  through  the  main  drain 
trap  r,  and  escape  into  the  building  from'  the  lowest  open- 
ing. In  Fig.  30,  which  shows  a  plan  of  the  pipes  in  the 
cellar  of  an  ordinary  double  house,  are  shown  six  places 
where  sewage  may  escape  and  flood  the  cellar,  namely,  two 
sets  of  laundry  tubs,  two  sinks,  and  two  floor  strainers.  As 
the  floor  strainers  are  lower  than  the  other  openings,  the 
sewage  would  gush  up  through  them  first.  To  avoid  this, 
a  check-valve  may  be  located  at  ^/,  ^/,  or  it  may  constitute 
part  of  the  trap.  If  the  floor  strainers  are  properly  pro- 
tected by  check-valves,  the  next  trouble  will  come  from  the 
sinks  and  tubs;  they  will  fill  up  with  sewage  and  overflow 
on  the  floor.  The  sinks,  being  lower  than  the  tubs,  will 
overflow  first.  To  prevent  this  trouble,  the  waste  pipes  of 
these  fixtures  must  also  have  check-valves  at  the  points  r,  c 
and/,/.  Then,  the  nuisance  will  remain  remedied  until  the 
valves  ^cl  out  of  order  or  choked  up. 

It  is  a  mistake  to  try  to  economize  by  using  only  one 
check-valve  for  the  whole  house,  and  placing  it  on  the  main 
line,  at  or  near  the  main  drain  trap,  because,  while  it  may 
keep  back  sewage  from  the  city  sewer,  the  roof  leaders  ^,^ 
and  the  discliarges  from  the  other  pipes  in  the  building 
would  certainly  flood  the  cellar.  The  back  pressure  of  the 
sewage  in  h  would  hold  the  check-valve  so  tightly  closed 
that  the  sewaj^e  in  the  main  drain  //  would  not  open  it  until 
the  storm  was  past  and  the  sewers  relieved. 
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INTRODUCTION 

1.  The  disposal  of  sewage  matter  from  buildings  is 
accomplished  in  various  ways,  but  chiefly  by  the  following: 
methods:  By  discharging  direct  into  the  main  street  sewer; 
by  discharging  into  cesspools;  by  discharjxing  directly  or 
indirectly  into  the  sea,  lake,  or  river  in  close  proximity  to  the 
building;  by  septic  tank  systems;  by  chernical  precipitation. 

2.  Cesspools  are  receptacles  sunk  below  the  surface  of 
the  ground  for  the  purpose  of  receiving  the  sewage,  but  they 
are  so  liable  to  foul  the  soil  for  many  yards  in  every  direction 
that  they  should  not  be  employed  if  it  can  be  avoided.  They 
should  be  located  so  that  the  liquid  leaching:  from  them  into 
the  surrounding  soil  will  not  contaminate  the  water  supply  or 
enter  the  cellar  of  the  house.  Hy  lea(*liiii^  is  meant  the 
separation  of  the  liquid  from  the  solid  sewagfe  matter  by  per- 
colation. Cesspools  should  not  be  made  air-tij,^ht:  they 
should  have  a  vent  pipe  discharging  a  safe  distance  from  the 
house.  A  running  trap  having  a  fresh-air  inlet,  so  that  a 
current  of  fresh  air  will  pass  through  the  drain  at  all  times, 
should  be  placed  on  the  drain  near  the  cesspool. 

If  there  is  no  danger  that  the  drinking  water  may  be  con- 
taminated, the  cesspool  may  be  excavated,  in  a  circular  form, 
from  8  to  12  feet  in  diameter,  and  to  a  depth  sufficient  to 

r  «f  to^rright^  see  Page  immediately  lollowing  the  title  page 
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reach  an  absorbent  stratum.  In  sandy  or  gravelly  soil,  such 
a  cesspool  will  dispose  of  waste  liquids  of  the  house  for  a 
long  time;  however,  in  the  course  of  years,  the  earth  around 
it  becomes  permeated  by  the  solid  matter  in  the  sewage  and 
a  new  cesspool  should  be  dug. 

In  clayey  soil,  no  leaching  or  absorption  of  the  sewage  by 
the  soil  takes  place,  and  the  cesspool  fills  up  like  a  tight  cis- 
tern and  overflows.  The  simplest  way  of  getting  rid  of  the 
sewage  in  such  a  case  is  to  pump  it  out  and  dispose  of  it  as  a 
fertilizer  in  the  garden  or  on  meadow  land. 


LEACHING    CESSPOOLS 

3.  In  order  that  the  sewage  may  properly  filter  away  after 
being  discharged  into  the  cesspool,  it  should  be  built  in 
ground  composed  of  gravel,   loose  stone,  or  coarse  sand. 


Pig.  1 


Fig.  1  shows  an  ordinary  loacbln^  cesspool  built  in  loose 
sandy  soil  and  gravel.  The  bottom  of  the  cesspool  extends 
about   1   foot   into   the   gravel,  as  shown    at   a.     The   side 
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walls  ^,  b  are  built  of  stone  without  mortar.  The  top  is 
urched  over  with  bricks  laid  in  mortar,  as  shown  at  r,  A 
2i!J-inch  glazed  tile  pipe  d  is  used  for  the  manhole,  which  is 
provided  with  a  cast-iron  cover  e  havhijj  perforations  through 
which  air  H  admitted.  The  inlet  pipe  /  should  extend  inside 
the  cesspool  far  enough  to  prevent  the  sewage  matter  falling 
on  the  wall  of  the  chamber  and  closing^  the  crevices  between 
the  stones,  (lases  from  the  cesspool  are  prev^ented  from 
entering  the  house  drain  hf  the  running  trap.j?-,  while  the  pipe  h 
ser\fes  to  siiiiply  the  drain  with  fresh  air.  A  clean-out  cap  is 
placed  in  the  upper  end  of  the  pipe  /  for  access  to  the  trap. 

4*  Leaching  cesspools,  when  newly  built,  effect  some 
purification  and  filtration  of  the  household  wastes;  but  when 
they  have  been  a  long  time  in  service  the  pores  of  the  soil 
become  clogged  and  the  soil  gradually  becomes  saturated 
with  sewage  matter,  which  undergoes  a  slow  process  of 
decomposition.  Gases  are  thus  generated  and  given  off  at 
the  surface.  For  this  reason  cessijools  should  be  located 
as  far  as  possible  from  all  dwellings.  The  use  of  leaching 
cesspools  involves  the  risk  that  the  liquid  that  seeps  into  the 
soil  may  reach  some  subterranean  fissure  or  stratum,  along 
which  it  moves  and  finally  empties  into  Some  spring  or  well. 
Outbrealcs  of  typhoid  fever,  caused  hy  drinking  water  con- 
taminated in  this  manner,  have  often  been  traced  to  leaching 
cesspools, 

5-  The  size  of  a  leaching  cesspool  will  depend  on  the 
nature  of  the  soiU  the  number  of  fixtures  to  be  discharged 
into  it,  ami  the  number  of  people  occupying  the  house.  For 
an  ordinary  two-story  dwelling,  if  the  cesspool  is  made  in 
loose  soil,  it  may  be  from  4  to  6  feet  in  diameter  and  fi  to 
10  feet  deep,  If^  however,  the  soil  is  composed  of  clay  and 
sandp  it  should  be  made  at  least  1  foot  larger  each  way. 


TIGHT    CftSSPOCILS 

6.  A  simple  form  of  cesspool  sometimes  used  in  clayey 
soil  where  the  liquids  will  not  filter  away,  or  in  loose  soil 
where  it  is  not  desirable  to  pollute  the  soil  with  sewage,  is 
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so  similar  to  that  shown  in  Fig.  1  as  not  to  require  a  sep- 
arate illustration.  The  construction  differs  only  in  that  the 
tight  cesspool  is  built  of  bricks  laid  in  cement  mortar. 
The  inside  is  finished  with  a  coat  of  Portland  cement  to 
make  it  water-tight.  The  cover  is  made  of  cast  iron  and  per- 
forated. When  tight  cesspools  become  filled,  it  is  necessary 
to  pump  the  sewage  into  barrels,  dump  it  on  farm  land,  and 
plow  it  under. 

Tight  cesspools  should  be  made  with  great  care,  to  avoid 
any  possibility  of  leakage,  and  should  be  located  as  far  from 
dwellings  as  possible.  The  dimensions  of  tight  cesspools 
may  be  about  the  same  as  those  of  leaching  cesspools  built 
in  sandy  soil.  A  tight  cesspool  should  be  thoroughly 
disinfected  each  time  it  is  emptied. 

7.  A  good  form  of  tight  cesspool,  shown  in  Fig.  2,  con- 
sists of  two  compartments,  the  one  being  an  intercepting  or 
settling  chamber  a,  and  the  other  a  liquid  chamber  b,  I'he 
compartments  are  made  circular  in  plan,  the  walls  of  each 
chamber  being  8  inches  thick  and  built  of  hard-burned  bricks 
laid  in  hydraulic  cement  mortar.  The  floors  and  walls  are 
finished  with  a  strong  coating  of  cement;  both  chambers  are 
made  perfectly  water-tight,  and  arched  over  as  shown.  The 
manholes  d,  d  are  carried  to  the  surface  of  the  ground,  and 
provided  with  tight-closing  cast-iron  covers  e^e  fitted  into 
pavement  slabs  /,  /.  The  chambers  a  and  b  are  connected 
by  a  4-inch  overflow  pipe  ^  of  extra-heavy  soil  pipe,  which 
extends  about  2  feet  below  the  surface  of  the  water  in  the 
chamber  n,  to  prevent  the  scum  from  being  drawn  into  the 
overflow  pipe;  the  sewage  enters  the  settling  chamber  through 
the  house  sewer  /.  A  pipe  for  ventilating  the  chambers  is 
shown  at  //,  which  should  terminate  at  a  point  where  the 
odor  will  not  be  objectionable. 

8.  The  separation  of  the  liquid  and  solid  matter  facilitates 
the  disposal  of  both.  The  liquid  can  be  pumped  out  and 
used  to  sprinkle  and  irrigate  the  lawn  or  garden.  The  solid 
matter  can  be  removed  and  put  under  the  soil  as  fertilizer. 
The  size  of  the  chambers  depends  on  the  size  of  the  house, 
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the  number  of  occupants,  ntitiiher  of  fixtures,  and  the  nmoiint 
of  water  used  daily.  For  im  ordinary  residence  containing 
two  bathrooms,  laundry  tubs,  etc*,  the  intercepting  cham- 
ber ^r  should  be  about  4  feet  inside  diameter^  and  5  feet  deep 
from  the  overflow  ^  to  the  bottom  of  the  chamber.  The 
chamber  d  should  be  about  6  feet  Inside  diameter,  and  8  feet 


:m^in^Mm^^^:m 


deep  from  the  overflow  line  to  (he  bottom  of  the  chamber. 
The  sisFXs  of  the  chambers  should,  however,  be  modified  to 
meet  the  requirements  of  each  case* 

The  principal    objections   to  this  form  of   cesspool    are: 
Firsts  if  it  is  built  moderate  in  size,  and  absolutely  tight,  as 
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it  should  be,  it  requires  considerable  attention  and  expense; 
second,  if,  on  the  other  hand,  the  dimensions  are  made  large 
to  avoid  frequent  cleaning  out,  the  danger  arising  from 
stagnant  sewage  is  increased^  The  cesspool  should  be 
cleaned  and  disinfected  at  frequent  intervals. 
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DISCHARGE    INTO    STREAMS 

9.  A  common  method  of  disposing  of  sewage  is  to 
discharge  it  into  a  near-by  stream  or  other  body  of  water. 
This  method  of  disposal  is  convenient  and  cheap,  and,  under 
proper  conditions,  is  permissible,  provided  that  the  sewage 
cHscharg:ed  forms  only  a  small  percentage  of  the  total  volume 
of  water  into  which  it  is  discharged. 

Where  a  large  volume  of  running  water  is  available,  sub- 
urban residences  may  discharge  their  sewage  into  it  without 
danger  of  polluting  the  water,  as  a  large  volume  of  water 
tends  to  dilute  and  purify  the  stream,  rendering  the  sewage 
innocuous.  However,  sewage  from  villages  and  estates 
should  not  be  discharged  directly  into  small  streams,  as  the 
water  may  become  so  polluted  as  to  wholly  unfit  it  for  the  use 
of  those  persons  below  them  who  depend  on  the  stream  for 
their  water  supply.  

DISCIIAKGK    INTO    THE    SEA    OR    LAKES 

10.  The  cHscharjje  of  sewage  directly  into  the  sea  or  a 
lake  is  apparently  an  easy  way  of  disposing  of  it.  However, 
this  plan  is  not  always  a  good  one,  as  much  unpleasantness  is 
freciucntly  experienced  by  the  floating  sewage  matter  return- 
ing to  the  shore  with  the  tide,  or  by  the  action  of  the  cur- 
rents, wind,  or  waves,  thus  rendering  the  beach  useless  for 
bathinjr  and  other  purposes.  If  a  bathing  beach  adjoins  the 
sewer  outlet,  it  is  advisable  to  intercept  the  solids  and  sludge 
in  the  sewage,  and  thus  allow  only  the  liquid  sewage  to 
discharge  into  the  water.    If  it  is  desired  to  still  further  purify 
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the  liquid  sewage  before  it  enters  the  stream  or  lake,  it  can 
be  effected  by  a  chemical  treatment  in  which  the  solids  are 
precipitated  to  the  bottom  by  mixing;  chemicals  with  the  Uqntd 
sewage  in  the  tank.  The  chemicals  precipitate  not  only  the 
solid  matter,  but  also  a  portion  of  the  matier  held  in  solution. 
V^arious  chemical  processes  are  employed,  a  large  nmnber  of 
which  have  been  patented.  The  eftlueiit  from  sewage  clari* 
tied  by  any  process  of  chemical  precipitation,  is,  however,  far 
from  being  pure  water,  and  is  liable  to  decompose  after  being 
discharged.  Moreover,  the  addition  of  the  chemicals  used  is 
more  or  less  deleterious  to  the  water*  This  method  of  puri- 
fieation  is  not  of  itself  sufficient  where  the  effluent  is  to  be 
discharged  into  a  stream  from  which  a  water  supply  is 
obtained*  Chemical  treatment  is  principally  resorted  to  in 
the  sewage-disposal  plants  of  cities* 


APPLilCATION    TO    THE    SOU, 


1 1  *  Applying  sewage  to  the  soil  is  one  of  the  most  satis- 
factory and  effectual  means  of  disposal,  provided  that  the 
sewage  is  applied  to  the  top  earth  where  it  can  be  absorbed 
by  vegetation,  and  tliat  the  volume  of  the  sewage  is  not 
enough  to  flood  the  ground. 

There  is  a  wide  range  of  methods  and  materials  employed 
in  the  design  and  construction  of  those  sewage*disposal  sys- 
tems in  which  the  effluent  is  discharged  into  the  soil.  The 
main  object  to  be  attained  is  to  furnish  sufficient  oxygen  to 
oxidize  the  organic  matter  suspended  in  the  effluent* 

Two  general  methods  of  sewage  disposal  by  application  to 
the  soil  are  in  use.  The  one  method  is  called  bi^oad  irri^n- 
tloD»  and  also  siirfnco  Irrlp^tlou,  and  is  the  process  of 
discharging  the  effluent  broadly  over  the  surface  of  the 
ground;  the  other  method  is  called  subsurfaeo  Irrl^ratiun, 
and  is  the  process  of  distributing  the  effluent  below  the  sur- 
face of  the  ground.  In  cither  case,  the  sewage  should  not 
be  applied  in  such  large  quantities  as  to  saturate  the  soil. 
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8URFAC£    IRRICJATION 

12#  The  most  satisfactory  and  effectual  means  of  sewage 
disposal,  eomtauied  with  purification,  where  sufficient  land 
can  be  procured,  is  surface  irrigation.  It  iiichides  a  variety 
of  methods  that  differ  in  detail;  all  consist*  essentially^  in 
applying  the  sewage  in  such  a  manner  and  quantity  as  to 
irrigate  and  fertilize  the  soil  for  the  growth  of  vegetation. 
This  appears  to  be  the  most  natural  and  economic  method 
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of  sew^age  disposal  and  purification,  involving  the  familiar' 
processes  of  decomposition  and  growth  under  natural  con- 
ditions, and  it  utilizes,  by  irrigation  and  fertilization,  ihc 
full  economic  value  of  the  sewage.  As  the  amount  of 
sewage  that  can  be  applied  to  a  given  area,  however,  with* 
out  being  detrimental  to  the  growing  crops,  is  limited,  this 
method  requires  extensive  areas;  hence,  the  name,  broad, 
irrigation. 
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13.  An   illustration  ut   an   irrigation   field  is  shown  in 
ig.  3.     A  larg^e  nutnber  of  ditches  are  dujj,  and  corn  or 

other  speeies  of  vegetation  is  planted  ia  the  ground  between 
the  ditches.  The  sewaj^e  effluent  is  allowed  to  flow  into  the 
liilches  at  intervals,  and  thus  to  irrigate  the  jjrftund*  In 
order  that  renewed  supplies  of  oxyfjen  may  enter  the  soil  to 
maintain  the  oxidizintj  processes,  the  application  of  sewage, 
;pinmonly  spoken  of  as  the  iiosct  must  be  intermittent* 

14.  The  sewage  is  flooded  on  ground  thai  has  been 
prepared  fur  the  purpose  and  thoroughly  underdrained,  and 
is  filtered  by  passing  downwards  through  the  soil  to  the 
drains.  The  filtration  is  not  merely  mechanical,  however, 
but  is  largely  a  chemical  process.  While  the  soil,  to  some 
extent,  acts  as  a  mechanical  filter  in  straining  out  portions 
oi  the  solid  matter,  the  purificalion  is  chiefly  a  chemical 
change,  involving  oxidation  and  nitrifieation^  brought  about 
largely  through  the  agency  of  mtcro^organismSi  called  bac- 
loriii,  contained  in  the  sewage.     By  nHnfualion  is  meant 

e  act  of  slijwly  oxidizing  the  nitrogen  contained  in  organic 
atter.  It  is  thus  seen  that  sewage  contains  within  itself  the 
tneans  of  its  own  purification,  and,  when  the  proper  conditions 
are  present,  virtually  Ijecouies  its  own  purifier.  Under  the 
favorable  conditions  afforded  by  intermittent  filtration,  puri- 
fication is  eiTeeted  by  the  bacteria;  and  these  minmc  organ* 
isms  having  performed  their  important  work,  iinally  succumb 

1^  the  action  of  the  oxygen  and  wholly  disappear, 
SUlltiOItFAeK  tftHttiATIOK 
IS.  The  porous  soil  near  the  surface  has  power  to 
estroy  the  organic  substances  in  sewage*  rendering  them 
innocuous  by  the  aid  of  the  oxygen  contained  in  the  pores 
of  the  soil,  and  by  vegetation,  as  the  roots  of  grass  and 
shrubs  take  their  nourishment  from  the  organic  matter. 
The  liqutd  sewage  contains  more  or  less  organic  matter; 
e  liquid,  in  passing  through  the  soil,  is  clarified  to  a  large 
extent  by  filtration.  One  of  the  principal  objects  to  be  con- 
sidered in  discharging  sewage  ellluent  into  subsurface  drains 
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'absorption  by  the  eartb  is   to  have  the  discharge  dis* 
fjuted  uniformly   to  prevent  flooding  any  one  iiectiun  of 
ground.     Aside  from  the  effideney  of  a  sewage -disposal 
fstem,    it    is   of    great    importance,    when    located   in    the 
:inity  of  buildings,  that  all   parts  of  the  process  should 
#e  free  from  offense,  both  to  the  eye  and  nostril. 


BEm'it)  ta:nk  systkm 


UKi^Clill'TtUK    OF    APKAttATUS 

16,  The  st^iitlc  tiiiik  ByHtoin  of  sewage  purification 
and  disposal  is  a  process  by  which  the  raw  sewage  from  a 
building,  or  a  number  of  buildings,  is  conveyed  to  a  set  of 
collecting  tanks  and  stored  there  until  the  solids  have  settled 
tu  the  bottom  and  the  floating  material  has  gathered  at  the 
top,  and  a  septic  action  has  more  or  less  purified  the  liquid 
between  the  sediment  and  the  floating  scum.  The  term 
st^psts*  from  which  sfpik  is  derivedi  means  putrefaction,  or 
decomposition  of  animal  or  vegetable  matter  accompanied 
by  fetid  odors.  The  septic  action,  or  putrefaction,  is  pro- 
duced by  a  germ  growth,  which  is  encouraged,  as  much  as 
possible,  by  burying  the  tanks  underground  and  preventing 
the  liquids  becoming  chilled. 

The  condition  of  darkness,  no  air*currents»  and  a  moderate 
heat  caused  by  decomposition  and  fenneutation,  develop  a 
large  mass  of  minute  organisms  known  as  iinacrolile  hiir* 
terla*  The  chemical  action  thus  developed  causes  a  large 
portion  of  the  sewage  to  pass  off  in  die  form  of  gases,  a 
small  portion  remaining  in  the  tajik  us  sludge,  The  effluent 
flows  from  the  tank  praetically  without  odor.  The  septic 
process  is  continuous  and  requires  no  attention  except  the 
occasional  removal  of  the  sludge.  The  effluent  from  the 
tank,  being  practically  odorless,  can  ordinarily  be  discharged 
into  an  open  ditch,  or  stream,  that  is  located  at  a  point  lower 
than  the  outlet  from  the  tank,  or  it  may  be  run  through 
farmer's  tile  pipe  and  used  to  irriirnte  a  lawn  or  garden  if  the 
ground  is  located  lower  than  the  uutlet. 
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17.  Fig.  4  shows  a  septic  tank  suitable  for  a  large  build- 
ing or  country  estate.  It  is  composed  of  three  compartments 
built  of  brick  and  cement  mortar,  and  made  water-tight. 
The  left-hand  compartment  is  the  raw-sewage  receiving 
chamber,  the  middle  compartment  is  the  effluent  or  liquid- 
sewage  collecting  chamber,  and  the  right-hand  compartment 
is  a  manhole  in  which  is  built  an  automatic  siphon,  to  siphon 
out  the  liquid  from  the  middle  chamber  and  discharge  it 
through  the  outlet  pipe,  shown.  This  pipe  is  continued  to 
the  disposal  field,  river,  sea,  brook,  creek,  or  whatever  point 
may  be  selected  for  its  outlet.  The  receiving  chamber  is 
divided  into  two  parts,  a  and  b,  by  a  brick  wall  that  terminates 
at  the  overflow  line,  as  shown.  The  sewage  enters  a  through 
a  5-inch  drain  pipe  c,  which  turns  down  and  extends  about 
1  inch  below  the  surface  of  the  water  so  as  to  prevent  air 
from  the  chamber  entering  the  house  drain.  If  the  pipe 
extends  too  far  below  the  surface,  grease  will  accumulate  and 
obstruct  the  drain;  but,  if  it  extends  only  slightly  below  the 
water  level,  the  flow  of  sewage  from  an  ordinary  house  will 
keep  the  pipe  clear.  The  division  wall  holds  back  most 
of  the  solid  matter  and  scum;  the  liquid  portion  flows  into 
the  compartment  b,  over  the  top  of  the  wall  in  a  thin  sheet,  in 
such  a  way  as  not  to  disturb  the  contents  in  b.  The  agitation 
caused  by  the  inflowing  sewage  being  confined  to  the  cham- 
ber a,  the  solids  suspended  in  the  liquid  contents  of  the 
chamber  b  settle  quietly  to  the  bottom.  The  liquid  overflows 
from  b  into  the  collecting  or  discharge  chamber  d  through  a 
4-inch  pipe  e,  which  extends  deep  enough  into  the  water  to 
l)revent  the  scum  or  solids  on  the  surface  from  being  carried 
into  the  discharge  chamber.  The  chamber  d  should  be  large 
enough  to  hold  about  12  hours*  sewage  supply;  it  is  provided 
with  an  automatic  siphon  /located  in  a  separated  chamber  .^, 
which  location  renders  the  siphon  accessible  for  repairs.  The 
siphon  shown  is  known  to  the  trade  as  the  Rlioads-Williauis 
siphon;  the  connection  to  the  tank  is  made  funnel  shape  so 
as  to  take  the  inflow  readily.  The  action  of  the  siphon 
depends  on  the  sudden  releasing  of  compressed  air  between 
the  inflow  //  and  the  deep  trap  /.      When  the  water  rises 
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^tifficiently  in  d  to   compress  the  air  in  /  ennu|(h   to  force 

t/it;    water  in  the  blow-oif  trap  y  to  the  battum  of  the  sca!» 

tfc^    water  is  bluwn  from  /  into  the  sewer  pipe  /  and  the  air 

pressure  in  /  is  suddenly  released;  the  water  in  d  then  rushes 

Stj^cl^nly  into  the  siphon,  bringing  it  rapidly  inlcj  action  and 

tin.t  55  leimptyint'  ibe  chamber  d  through  L    When  the  chamber  d 

ts    rie^^rjy  emjiticd,  the  Hiphonage  is  L'^adually  broken  by  the 

^^*^^i  lesion  of  air  through  the  pipe  k, 

^^ii^ce  the  solid  matter  is  held  in  the  settling  chamber,  it 
1^   *^<^*t  ordinarily  found  necessary  to  clean  out  the  discharge 
^^"iber;  although  the  putrid  sewage  contains  more  or  less 
i:natter,  this  is  not  suflicient  in  quantity  to  interfere  with 
,  ^^      Action  of  the  siphon  or  the  proper  action  of  the  absorp- 
*-*      drains. 


There  are  other  forms  of  septic  tanks  on  the  market, 
^^14^  which  may  be  nientioned  tlie  Nelwoii  septic  liuik, 
*^Ii  IS  a  continuous  i!!>w  tank.  This  is  made  oblung  with 
^^^ Gilded  top;  the  bottuni  of  the  tank  is  placed  abuui  5  feet 
'^'^^  the  frost  line.  The  sewage  from  the  building  passes 
^"^^V  through  the  tank  and,  after  undergoing  a  decomiJosi- 
^  ^  Cif  the  organic  matter,  is  discharged  through  a  pipe  to 
Tf-fc  ''^^t  of  disposal  best  suited  to  the  existing  conditions. 
jj_^.  l^rucess  in  this»  as  in  other  septic  tanks,  is  to  hasten  the 
^  ^^  decomposition  and  to  liquefy  all  animal  and  vegetable 
tfrir  ^^^^  ^^  quickly  as  possible.  The  more  that  the  solids  are 
in   «.     ^^V^n  into  sfjliiiitjn,  the  less  will  be  the  formation  of  sludge 


tank.     The  sewage  thus  freed  from  the  solid  matter 

'^  from  the  tank  in  a  condnuous  flow. 

-^    ,_ 

^^Ul^^*     A  form  of  sit>hoD  tank  in  oommon  use  for  septic 
ii£  systems  employs  the  Miller  iiutoiuutlc  li^liihoii,  and 

*^^jwrt   in   Fit'.   5.     The    tank    consists   of   two    iiarts:     A 


re^^, 


^^jwn  in  Fig,  6.     The   tank  consists  of  two  parts; 


chc^  „^_^ "^*f*ir  tir  settling  chamber  a,  and  a  liquid,  or  discharge, 

"^^lier   ^*   in   which    the   siphon  is    located.     The    siphon 

of   two   parts:     A    discharging    limb,  or  deep-seal 


cori 


^ists 


'  *    €  and  the  intake  bell  </,  which  is  placed  over  the  long 


^^^. 


'f  the  siphiin  and  held  in  place  by  its  own  v%^eight*     The 
ge  tlov%^s  into  the  settling  chamber  through  the  pipe  £  at 


14 


SEWAGE  DISPOSAL 


a  point  near  the  surface  of  the  water,  as  shown.  The  liquid 
overflows  into  the  ^discharge  chamber  ^  through  the  trapped 
pipe  /,  The  water  ffradually  rises  above  the  edge  of  the  bell  d 
and  compresses  the  air  within  the  long  leg  of  the  siphon; 
the  trap  being  filled  with  water,  the  air  is  prevented  from 
escaping-  As  tb^  water  rises  in  the  tank,  the  coniined  air 
gradually  forces  the  water  out  of  the  trap  until  a  point  is 
reached  when  the  air  is  just  about  to  escape  under  the  lower 
bend  /.  Since  the  difference  of  the  water  level  in  the  tw<> 
lej^s  of  the  trap  equals  the  diiflference  of  the  levels  between 
the  water  in  the  tank  and  the  water  within  the  bell,  the  column 
of  water  in  the  short  leg  g  has  practically  the  same  depth  as 


^■ 


^v  '. 


Pm,  & 


>.^ 


r^ffi 


H^ 


the  head  of  water  in  the  tank,  above  the  level  at  which  the 
water  stands  in  the  hell.  The  two  columns  of  water  balance 
each  other  at  a  certain  flxed  depth  in  the  tank,  but  as  so<in 
as  this  depth  is  increased  by  further  supply  of  water,  how- 
ever small,  a  portion  of  the  atr  confined  in  the  long  leg  is 
forced  around  the  lower  bend.  By  its  upward  rush  in  the 
short  leg  g^  this  air  carries  with  it  a  portion  of  the  water, 
thus  destroying  the  equilibrium,  and  the  siphon  is  brought 
into  full  action,  drawing  the  water  out  of  the  tank  until  it 
nearly  reaches  the  bottom  of  the  bell  d,  when  the  siphonage 
is  slowly  broken  by  the  admission  of  air  through  the  pipe  k^ 
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The  operation  is  then  repeated.  The  free  projection  i  of  the 
short  leg  of  the  trap  allows  the  instantaneous  escape  or  fall- 
ing away  of  the  heaved-up  water,  H  the  discharge  mouth  / 
were  formed  as  an  ordinary  bend  the  siphon  would  not  w^ork, 
althoiigh  the  confined  air  rushed  around  the  lower  bend»  for 
the  reason  that  the  heaved-up  water  would  have  no  means  of 
iustanlaneous  escape^  and,  therefore,  the  equilibnum  would 
not  be  sufficiently  disturbed  to  set  tiie  siphon  in  operation. 
It  will  thus  be  seen  that  the  action  of  the  siphon  depends  not 
only  on  the  escape  of  air,  hut  also  on  the  sudden  reduction 
of  pressure  by  the  counterbalancing  column  of  water  in  ^- 


ABSORPTION    DRAINS 

20.  The  pipe  Icadingf  from  the  house  to  the  tank  and 
from  the  tank  to  the  filter  bed,  or  other  point  of  outlet »  may 
be  of  glared  tile,  the  joints  being  well  cemented.  The  fall 
of  the  main  drain  from  the  tank,  after  coming  within  20  feet 
of  the  absorption  tile»  should  not  be  more  than  1  inch  in 
25  feet.  The  absorption  lines  should  have  a  fall  of  not  more 
than  1  inch  in  50  feet.  If  a  greater  fall  is  given,  the  sewage 
may  be  carried  to  the  far  end  of  the  line,  and,  if  the  line  is 
long,  the  sewage  is  .--.._,_. 


•Fio.  & 


liable  to   break   out     ^^^ik     ^r^v 

at  the  surface.     The    Ml    ^"^^  TV: 

absorption    drams    $klM%      ^^^^^% 

are  made  of  ordinary 

field  tile  3  inches  in 

diameter  and  J  foot  '  ■  :'0m^ 

in  length.     They  are 

laid  in  tile  gutters, 

as  shown  at  a.  Fig.  6;  a  -}-inch  space  is  left  between  each 

sectinn  of  tile,  the  space  being  protected  from  the  entrance 

of  earth  by  a  loose-fitting  cover  or  cap  d.     The  gutter  and 

cap  "are  made  of  a  larger  radius  than  the  outside  of  the 

ab?iorption  tile,  so  that  practically  the  whole  joint  is  available 

for  the  escape  of  sewage  into  the  ground.     The  gutters  are 

laid  about  12  inches  under  the  surface  of  the  ground. 
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21.  The  amount  of  absorption  tile  required  in  a  reason- 
ably porous  soil  is  about  1  foot  for  each  gallon  of  water 
discharged  from  the  chamber.  If  the  soil  is  heavy,  the 
length  of  the  tile  must  be  increased. 


r;iSii«niHMiVri9l«MnMiiiri0liMi 


(b) 


(a) 


Pio.  7 


Clayey  soil  is  not  suitable  for  subsurface  irrigation,  and 
should  not  be  used,  but  when  no  better  soil  can  be  obtained, 
at  least  3  feet  of  tile  drain  should  be  provided  for  e^Si  gallon 
in  the  tank. 

22.  In  designing  the  absorption  bed,  the  tile  can  be  run 
in  one  continuous  line,  or  a  number  of  short  lines  may 
branch  oflF  from  the  pipe  leading  from  the  tank  by  using 
eccentric  Y  branch  fittings,  as  shown  in  Fig.  7,  placed  about 
3  feet  apart. 

STEPPED    TRUNK    LINES 

23.  When  it  is  necessary  or  desirable  to  arrange  the 
disposal  field  on  a  hillside,  the  distributing  main,  or  trunk 


Fi<:.8 


line,  where  the  field  tile  branches  are  taken  off,  cannot  be 
laid  to  follow  the  natiirril  surface  of  the  ground,  because  at 
each  discharj^c  of  the  sij)hon   the   sewage  would  flow  with 
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gfreat  force  directly  to  the  lower  end  of  the  bed  and  burst 
through  the  ground.  This  difficulty  can  be  overcome  by 
stepping  the  drain,  as  shown  in  Fig.  8,  by  the  use  of  special 
drops.  The  drops  are  of  vitrified  tile  pipe  made  in  one 
piece,  having  a  hub  and  spigot  ends.  Between  the  drops 
are  placed  special  drainage  fittings  or  branches,  which  are 
made  right-and-left.  The  bottom  of  the  3-inch  branches  for 
receiving  the  absorption  tile  are  on  the  same  level  as  the 
bottom  of  the  trunk  line  itself.  Thus,  water  flows  as  easily 
into  the  upper  branches  that  supply  the  upper  rows  of  field 
tile  as  it  does  into  the  lower  branches,  and  a  uniform  distri- 
bution of  effluent  to  all  the  field-tile  lines  is  insured. 


DISPOSAI^    riELDS 

24.  Figs.  9  and  10  show  two  methods  of  applying  a 
system  of  piping  according  to  the  variation  of  the  ground. 
In  Fig.  9.  a  septic  tank  located  at  a  receives  the  sewage  from 
the  drain  b  leading  from  a  large  house.  The  irrijjating  or 
disposal  field  is  located  on  a  flat  plot  of  ground.  A  4-inch 
main  drain  c  extends  from  the  tank  through  the  center  of  the 
bed,  having  extending  from  it,  at  intervals  of  about  *\  feet, 


Y  branches,  as  shown,  from  which  run  lateral  lines  d,  d  that 
are  made  of  3-inch  field  tile  laid  10  or  VI  inches  below  the 
surface  of  the  ground,  supported  on  tile  <,nitters,  and  covered 
with  about  6  inches  of  stone,  which  permits  a  larjre  volume 
of  air  to  immediately  attack  the  sewaj:re,  throwing  off  there- 
from hydrogen  and  nitrojren,  the  nitrogen  being  absorbed 
by  the  roots  of  plants  in  the  soil  above.  The  surface  being 
level,  the  branches  are  run  straight,  as  shown. 
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25.  In  Fig.  10,  the  flush  tanks  receive  the  sewag^e  from 
the  house  a;  the  house  sewer  d  runs  in  a  direct  line  to  the 
septic  tank  c.  At  the  point  d,  the  main  drain  turns  at  an 
angle  and  has  three  outlets  to  be  used  alternately,  the  first,  e, 
communicating  with  the  parallel  drains  /,  /  at  the  bottom  of 
the  field;  the  second,;^,  runs  parallel  with  e  and. feeds  the  two 
absorption  drains  ^,  h;  the  third,  /,  connects  to  the  three  lines  J. 
These  lines  are  made  shorter,  but  they  have  the  same  aggre- 


PlG.  10 


gate  length  as  the  lines  //  and  /.  The  house  is  located  on  a 
knoll  or  hill.  The  pii)es  are  carried  around  the  hill,  to  con- 
form with  the  contours  of  the  ground,  in  such  a  manner  as  to 
obtain  the  required  downward  inclination,  that  is,  fall.  The 
dotted  lines  show  where  the  surface  of  the  ground  would  be 
intersected  by  imaginary  horizontal  planes  1  foot  apart;  {hese 
lines  serve  to  show  which  way  the  ground  is  inclined.     The 
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flow  of  sewage  to  each  system  of  absorption  drains  is  con- 
trolled by  the  ^ate  valves  k,  k\  k^^ ,     The  septic  tank  can  be 
j>Iace<i  any  desired  distance  from  the  building,  and  the  field 
may  be  located  any  distance  from  the  septic  tank  when  a 
X>roper  fall  can  be  obtained. 


L.O  '^^ 
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26.  A  modification  of  the  system  shown  in  Fig,  10  con- 
sists in  making  the  absorption  tile  larger  and  of  horseshoe 
^hape,  and  laying  it  in  trenches  filled  with  broken  stone  or 
^:!oarse  gravel*  The  capacity  of  the  tile  and  the  space 
"between  the  stone  should  be  large  enough  to  receive  the  full 
^^ontents  of  the  tank*  Figs,  11  to  13  show,  in  cross-section, 
33orseshoe  tiles  laid  in  trenches  and  filled  in  with  stone. 
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27,  Tn  Fig,  11,  the  ground  is  of  a  porous  and  absorbing 
nature,  and  has  a  gradual  incline,  as  shown.  In  Fig,  12, 
the  under  soil  a  is  heavy  and  non-absorbingi  and  nearly 
leveh  The  entire  field  is  underdrained  at  ^,i>.  The  absorp- 
tion bed  £  is  made  of  gravel;  low  ridges  d^  d  are  formed  over 
the  tile,  as  shown.    Purification  takes  place  in  the  porous  and 
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well-ventilated  material  of  the  absorption  bed.  The  clarified 
water  sinks  into  the  underground  drains  b,  b,  and  is  conducted 
to  some  convenient  point  of  discharge.  This  arrangement 
is  used  for  filtration  of  the  effluent  rather  than  for  irrigation. 

28.  Fig.  13  shows,  in  cross-section,  a  filter  bed  located 
on  a  hillside.  As  the  soil  is  composed  of  impervious 
material,  such  as  clay,  the  surface  is  covered  with  coarse 
sand  and  gravel  a.  The  bed  is  divided  into  sections  by 
clay  banks  b   underneath    the   gravel  at   the  foot   of   each 


Pic.  n 


section.  The  scwa«:e  is  delivered  into  the  tile  and  stone 
drains  c,c  at  the  upper  part  of  each  section,  and  thus 
becomes  purified  before  it  reaches  the  bank  below,  or  is  held 
by  the  bank  until  disposal  by  evaporation  or  by  subsurface 
drains  similar  to  those  shown  at  b.  Fig.  12. 

2 J).  Fi^.  11  shows  a  subsurface  sewage-disposal  system 
for  a  number  f)f  buildinj^s,  in  which  there  are  a  large  dwell- 
inj^,  a  house  for  the  superintendent,  several  small  cottages, 
shops,  barns,  etc.;  also,  a  railroad  depot.   As  the  wells  located 
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near  the  superintendent's  house  supply  the  estate  with  water, 
the  sewer,  indicated  by  the  heavy  solid  line  a,  near  the  build- 
ings is  made  of  extra-heavy  6-inch  cast-iron  pipe  with  calked 
joints.  From  the  depot,  and  at  a  point  b  near  the  raifroad, 
the  pipe  is  continued  to  the  disposal  fields  with  glazed  tile 
having  the  joints  carefully  cemented;  this  continuation  is 
indicated  by  double  light  lines. 

There  are  two  disposal  fields,  marked  No,  1  and  No.  2, 
each  being  supplied  by  a  separate  pipe  joining  the  valve 
chamber  c»  The  sewers  are  provided  with  manholes  and 
lampholes  at  all  changes  in  direction,  to  permit  thorough 
inspection  and  ready  removal  of  obstructions.  The  upper 
ends  of  the  two  sewer  lines  are  supplied  with  washout  con- 
nections at  d,  dy  which  are  brought  to  the  surface  and  sealed 
with  a  brass  screw.  By  removing  the  screw,  the  sewer  can 
easily  be  flushed  with  water  from  a  fire-hose  as  often  as 
required.  The  septic  tank  and  two  discharge  tanks  'are 
located  at  c^  from  which  the  sewage  is  automatically  dis- 
charged into  subsurface  irrigation  beds,  located  on  flat  land 
at  e.  This  land  is  composed  of  coarse  sand  and  is  located 
about  300  feet  from  the  septic  tanks.  The  disposal  beds  are 
laid  out  in  duplicate,  and  the  delivery  to  each  bed  is  pro- 
vided with  gate  valves,  so  that  the  dose  can  be  turned  on 
either  bed  at  will.  The  valves  in  the  valve  chamber  at  c  are 
so  arranged  that  both  tanks  can  be  discharged  into  either 
pipe  leading  from  the  tanks  to  the  disposal  fields.  By  opera- 
ting the  valves  in  the  chamber  c  and  the  valves  at  the  dis- 
posal fields,  the  sewage  can  be  discharged  into  either  bed  or 
distributed  evenly  under  the  entite  surface  of  all  the  beds. 
The  sewage  is  first  turned  into  one-half  of  disposal  field 
No.  1,  Fig.  14,  for  1  week;  it  is  then  turned  into  the  other 
half  of  field  No.  /,  from  there  to  one-half  of  field  No,  2,.  and 
thence  to  the  other  half  of  field  No.  2.  With  this  arrangement 
of  the  beds  and  valves,  each  bed  is  allowed  a  period  of  rest, 
thus  preventing  the  fields  becoming  saturated  by  the  sewage. 

30.  Fig.  15  shows  details  of  the  tanks  and  the  valve 
arrangements  as  they  may  be  used  in  the  system  shown  in 
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Fi^.  14;  the  tanks  arc  shown  in  plan  at  (a)  and  longitudinal 
section  at  (d).  The  general  construction  is  the  same  as  that 
previously  described  and  shown  in  Fig.  4,  the  chief  differ- 
ence being  that  this  is  a  double  arrangement.  Sewage  from 
the  buildings  enters  the  settling  chamber  a  through  the 
pipes  d  and  r,  a  fresh-air  inlet  d  being  attached  to  each.  The 
settling  chamber  is  fitted  with  two  6-inch  overflow  pipes  e^e, 
one  leading  to  each  of  the  discharge  tanks  /,  /,  which  are  some- 
times called  flushing  tanks  or  siphon  chambers^  The  depth  of 
the  water  is  from  3  feet  to  3  feet  6  inches.  Near  the  bottom 
of  the  settling  chamber  are  two  3-inch  pipes  ^,^,  with  a  gate 
valve  on  each.  These  are  used  for  emptying  the  settling 
tank  into  the  siphon  tanks  when  necessary.  There  is  also 
a  3-inch  pipe  h  that  connects  the  settling  chamber  with  the 
siphon  discharge  pipe  /,  so  that  the  settling  chamber  can  be 
drawn  off  direct  to  the  disposal  fields.  But,  to  prevent  h 
from  being  choked  with  the  sediment  that  lies  at  the  bottom 
of  a,  the  inlet  is  taken  from  a  point  about  1  foot  above  the 
bottom  through  a  T  and  nipple,  turned  up  as  shown.  The 
settling-chamber  ends  of  the  pipes  e^  e  are  located  in  a  recess 
or  pocket,  a  screen  being  placed  over  the  recess  to  prevent 
large  solids  from  entering  the  pipes  e^  t\  The  settling  cham- 
ber is  provided  with  two  manholes  with  tight  covers;  iron 
steps  are  built  into  the  wall  for  access  to  the  chamber. 
Each  siphon  chamber  is  provided  with  a  perforated  or  venti- 
lating cover,  and  steps  are  also  provided.  Two  siphons, 
one  for  each  siphon  chamber,  are  located  in  the  siphon  man- 
hole y,  and  a  G-inch  overflow  k  connects  each  siphon  chamber 
to  the  discharge  pipes  of  the  siphons.  Each  siphon  chamber 
is  connected  by  a  8-inch  drain  pipe  /  and  gate  valve  to  the  dis- 
charge pipes  from  the  siphons.  All  the  drain,  or  emptying, 
valves  are  placed  in  the  siphon  manhole,  and  in  case  of  leak- 
age in  this  manhole  it  is  drained  separately  by  a  3-inch  floor 
drain  ;;/  that  discharges  into  a  blind  drain.  The  concrete  roofs 
are  supported  by  steel  rails,  orlbeams,  asshownin  Fig.  15  (b). 

31.     A    plan  view    of   the  valve  chamber  located   at  r. 
Fig.  14,  is  shown  in  detail  in  Fig.  15  (^r).     The  6-inch  pipes  i,  i 
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are  the  discharge  pipes  from  the  sipboiiii  at  the  septic  lank. 
They  run  ihrough  the  valve  chamber,  which  m  built  of  hrick, 
and  are  continued  as  straight  as  possible  to  the  disposal 
fields.  These  pipes  are  cross-con Qected  in  the  chamber  and 
valved  with  four  sliding-stem  gate  valves  in  sach  a  manner 
that  either  qt  both  of  the  siphons  can  discharg:e  into  either 
or  both  of  the  pipes  that  run  to  the  disposal  fields,  according 
as  the  gates  are  opened  or  elused.  In  case  of  leakage  into 
the  chamber »  it  can  be  emptied  through  a  3-inch  emptying 
pipe  that  discharges  into  a  blind  drain. 

32.  A  detailed  drawing  showing  the  valves  at  the  inlets 
to  the  disposal  beds  is  shown  in  Kig.  15  {tl).  These  valves 
are  all  quick-closing  sliding-stem  gate  valves,  which  are 
better  for  such  work  than  screw  stein  valves,  because  tliey 
work  under  a  very  low  pressure  and  frequently  must  be 
closed  quickly.  The  valves  r,  Fig.  15  (tf),  control  field  No.  U 
and  the  valves  i/  tjontrol  field  Mi.  2  in  I^'ig,  H- 

The  siphons  are  so  arranged  that  they  flush  about  every 
12  hours,  operating  alternately  every  ii  honrs.  When  one 
siphon  is  emptying,  the  other  is  about  half  fdled» 


CONTACT    llEUb 

33,  PrliicljileH. — It  is  fre<iucutly  necessary  to  purify  the 
sewage  efliuent  much  further  than  it  is  possible  to  do  in  the 
septic  tanks  before  the  eftluent  can  be  allowed  to  discharge 
at  the  point  of  disposal.  This  is  often  necessary  when  the 
sewage  enters  a  lake  or  creek.  The  principle  of  operation  of 
the  system  used  in  that  case  is  to  aerate  the  sewage  effluent 
and  thus  oxidize  the  putrescible  matter  that  may  still  remain 
in  the  liquid*  The  oxidation  is  accomplished  by  the  contact 
of  the  sewage  with  air.  To  properly  accomplish  the  contact, 
the  sewage  liquid  is  allowed  to  flow  into  beds  of  broken 
stone  that  contain  air.  The  liquid  usually  remains  in  the  bed 
from  ^  to  If)  hours  and  is  then  drawn  off  and  discharged  at 
the  desired  point  of  disposal.  The  stones  are  then  allowed 
to  Income  aerated  again  while  another  contact  bed  is  put  into 
service.     As  the  time  for  the  contact  is  an  important  mattefi 
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it  follows  that  the  intervals  of  time  between  the  discharges 
must  be  regular;  hence,  the  siphon  used  to  drain  the  contact 
beds  should  not  only  be  automatic,  but  should  go  into  action 
regularly  at  a  stated  time. 

34.  Time  Siphon. — Fig.  16  {a)  shows  a  plan  view 
and  Fig.  16  (6),  a  sectional  view  of  one  section  of  a  filter 
bed  provided  with  an  automatic  siphon,  of  the  kind  men- 
tioned in  the  preceding  article,  for  discharging  the  contents 
of  the  bed.  This  type  of  siphon  is  called  a  time  siphon. 
The  tank  a  is  made  water-tight  and  filled  with  granular 
material,  to  which  the  sewage  is  exposed  for  the  purpose  of 
producing  bacteriological  effect;  the  sewage  is  discharged 
from  the  septic  tank  (which  should  be  located  at  a  higher 
level)  into  a.  The  chamber  d  and  the  tank  a  are  connected 
by  a  drain  tile  or  underdrain  a'  laid  at  the  bottom  of  the  tank. 
This  pipe  allows  the  liquids  to  flow  freely  into  d;  this  cham- 
ber is  emptied  by  the  automatic  siphon  shown,  which,  at  the 
same  time,  draws  all  the  liquid  from  the  tank  a.  The 
iphon  shown  in  Fig.  16  is  composed  of  an  intake  bell  c, 
.he  mouth  of  which  is  located  near  the  bottom  of  the  tank  as 
shown,  and  a  discharge  leg  r',  through  which  the  sewage  is 
discharged  when  the  liquid  seal  in  the  trap  is  broken.  The 
intake  bell  c  surrounds  the  upper  end  of  the  long  leg  c'. 
The  operation  of  the  siphon  is  similar  to  that  of  the  one 
shown  in  Fig.  6,  excepting  that  instead  of*  being  automat- 
ically started  by  the  head  of  liquid  in  the  tank  d,  it  is  started 
by  the  head  of  liquid  in  a  separate  tank  containing  the  time 
siphon  (/.  The  liquid  is  retained  in  the  tank  d  a  certain  time 
after  the  tank  is  filled.  The  siphon  in  the  tank  d  is  so  pro- 
portioned that  the  highest  practical  level  of  the  liquid  in  d,  in 
the  usual  operation  of  the  system,  will  not  start  this  siphon 
without  the  aid  of  the  auxiliary  siphon  d.  The  operation  of 
the  auxiliary,  or  timing,  siphon  d  is  as  follows:  As  the 
tank  a  gradually  fills  with  sewage,  the  level  of  the  liquid 
rises  in  d  and  consequently  in  the  bell  c.  The  air  that  is 
confined  between  the  liquid  and  the  trap  thus  prevents  the 
discharge  of  the  tank  until  the  siphon  d  is  set  in  operation. 
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When  the  liquid  in  b  rises  above  the  level  of  the  pipe  c,  the 
li(iuid  Hows  into  the  chamber  /  through  this  small  pipe  e, 
which  is  provided  with  a  valve  /'  to  control  the  flow  of  the 
li(iuid  and  the  time  required  to  fill  the  chamber  /.  Thus, 
the  tank  a  may  stand  filled  for  a  time,  depending  on  the 
volume  of  water  allowed  to  pass  through  e  into  /. 

Durinjj  the  time  that  the  chamber  /  is  being  filled,  the 
liciuid  rises  in  the  bell  d  and  compresses  the  air  in  the  siphon 
and  the  connecting  pipc;^  leading  to  the  trap  h\  the  pressure 
thus  produced  in  the  siphon  (/continues  to  increase  until  it  is 
sufficient  to  overcome  the  back  pressure  in  the  principal 
siphon  in  the  chamber  by  when  the  water  in  the  long  leg  /  of 
the  time  siphon  is  forced  into  the  trap  h  of  the  principal 
siphon.  After  the  water  has  been  forced  from  the  long  leg 
of  the  siphon  d,  the  pressure  is  sufficiently  increased  in  the 
traj)  //  to  break  the  seal  and  start  the  main  siphon,  which 
empties  the  chamber  b\  at  the  same  time,  the  time  siphon  </ 
onii)tics  the  chamber  /,  discharging  into  the  main  siphon. 
The  siphonage  is  broken  slowly  by  air  entering  the  vent 
tubes  k  and  /;  this  insures  the  trap  remaining  sealed  when 
the  sijihons  stoj)  working.  The  inlet  end  of  the  pipe  e  is 
protected  by  a  strainer  /  that  prevents  solid  matter  clogging 
the  cock  /';  the  cloj^j^nng  of  this  cock  would  change  the  time 
elai)sin<^  between  flushes. 

f{5.     KxMinpIo   of    Multiple   Contact   Beds. — Fig.  17 

illustrates  a  contact  plant  having  separate  contact  beds,  and 
an  automatic  discharging  device  for  controlling  the  flow  of 
sewage  and  to  direct  it  alternately  into  each  bed.  In  this 
l)lant  tliere  are  four  beds,  of  which  three  beds,  marked  a,  ^, 
and  I ,  resi)ectively,  are  shown.  The  fourth  bed  and  the  par- 
tition wall  between  it  and  the  bed  c  have  been  omitted  in  the 
illustration,  in  order  to  show  the  construction  of  the  beds  and 
the  automatic  (•«)ntro]ling  devices.  Each  bed  is  made  of 
brirk  and  (cmetited  water-tight;  the  walls  are  laid  about 
.'{()  inches  lii-h.  and  the  area  of  each  bed  is  great  enough  to 
contain  the  sewaj^e  of  alxmt  (5  hours*  duration  after  being 
filled  witli  broken  stone  to  a  depth  of  from  20  to  24  inches. 
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The  sewage  flows  by  gravity  from  the  septic  tank  d  through 
the  inlet  sluice  e  over  the  weir  /  inside  the  bell  g,  and  then 
over  the  weir  h  into  the  inlet  locking  chamber  /,  compressing 
the  air  in  the  air  belly  shown  by  dotted  lines.  As  the  sewage 
water  rises  in  the  locking  chamber,  the  air  pressure  in  j  is 
communicated  through  the  pipe  k  to  an  inverted  bell  over 
the  outlet-gate  weir  /.  The  air  pressure  depresses  the  water 
in  the  bell,  thereby  lowering  the  water  level  below  the  outlet- 
gate  weir  /  and  thus  preventing  the  flow  of  sewage  from  the 
bed.  When  the  chamber  /  is  full,  the  sewage  overflows  into 
the  contact  bed  r. 

When  the  contact  bed  is  full,  the  sewage  overflows  into 
the  locking  chamber  m,  displacing  the  air  in  the  air  bell  n. 
This  air  passes  through  the  air  pipe  o  to  the  top  of  the  bell 
of  the  inlet  sluice^,  closing  it.  At  the  same  time,  air  in  the 
small  air  bell  p  is  displaced  and  passing  through  the  air  pipe  q 
releases  the  closed  sluice  gate  in  the  filter  bed  b,  unlocking 
the  inlet  and  allowing  b  to  take  sewage  from  e.  The  sewage 
remains  in  the  filter  bed  c  until  the  timing  chamber  r  has 
been  filled  through  the  timing  cock  5,  shown  dotted,  which  is 
set  to  give  the  desired  time  of  contact.  When  the  air  in  the 
small  bell  /  is  sufficiently  compressed,  it  unlocks  the  .seal  of 
the  outlet  sluice  and  the  effluent  is  discharged  either  to  the 
river  through  the  sewer  pipe  w,  or  to  secondary  contact  beds 
in  case  a  higher  degree  of  purification  is  desired  than  can  be 
obtained  in  the  primary  beds  shown.  The  outlet  sluice  of  c 
remains  open  until  the  three  other  contact  beds  have  been 
filled,  when  the  small  bell  in  the  inlet  locking  chamber  of  the 
last  bed  filled  blows  the  seal  of  the  release  trap  z',  thus 
relieving  the  air  pressure  and  again  admitting  sewage  f rom  ^ 
to  c.  The  air  supply  to  ;/  is  maintained  through  uncovering 
its  bottom  edge,  the  chamber  m  being  siphoned  empty 
through  the  siphon  zr  every  time  the  li(iuid  is  drained  from 
the  contact  bed.  The  compressed  air  in  the  bell  i^  cannot 
escape  through  ;/  when  w  is  empty,  because  the  pii)e  o  dips 
into  the  water  on  the  sluice  side  of  the  plate  /.  The  pipe  .r 
leading  from  the  release  trap  v  connects  to  the  top  of  the 
bell  g.     The  pipe  y  connects  the  inlet  end  of  the  release  trap 
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to  the  bell  in  the  inlet  locking:  chamber  of  the  bed  that  is 
not  shown. 

36.  In  the  illustration,  the  bed  not  shown  may  be 
assumed  to  be  in  contact,  that  is,  full;  the  bed  c  receives  the 
flow  of  sewage  and  is  filled  nearly  to  the  locking  level;  the 
bed  b  has  been  resting  and  aerating  and  is  ready  to  receive 
its  next  dose;  the  bed  a  is  also  resting  empty,  the  sewage 
not  removed  at  the  first  flow  draining  slowly  through  the 
outlet  sluice  that  remains  open  until  the  next  filling. 
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NATURAL  SOURCES 


INTRODUCTION 


OENERAI^    INFORMATION 

1.  The  sources  of  potable  water  supply  may  be  broadly 
divided  into  natural  and  artificial  sources,  the  dividing  line 
between  the  two  not  being  sharply  drawn,  however.  Custom 
classifies  wells,  springs,  streams,  rivers,  lakes,  and  rain  as 
natural  water-supply  sources,  and  limits  the  application 
of  the  term  artificial  source  to  large  reservoirs  built  by  the 
hand  of  man,  the  reservoirs  drawing  their  supply  from  the 
natural  sources. 

A  supply  of  potable  water  can  be,  and  in  a  few  instances 
is,  produced  on  a  small  scale  by  the  distillation  and  sub- 
sequent aeration  of  water  normally  unfit  for  drinking,  cook- 
ing, and  other  domestic  purposes,  such  as  sea-water;  a  water 
supply  thus  obtained  is,  truly  speaking,  an  artificial  one. 

Reservoirs,  when  the  topographical  and  other  conditions 
permit  it,  are  located  above  the  level  of  the  city,  town, 
village,  or  buildings  they  supply,  in  order  that  the  water 
drawn  from  these  may  flow  through  the  mains  by  gravity;  in 
many  cases,  however,  reservoirs  must  be  located  at  such  a 
low  elevation  that  the  water  must  be  pumped  from  them 
to  its  destination.  Whenever  possible,  the  location  of  a 
reservoir  is  also  so  chosen  that  it  will  receive  its  water 
supply  from  the  natural  sources  by  gravity;  should  conditions 
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prohibit  such  a  location,  the  water  must  be  pumped  from  its 
source"  to  the  reservoir. 

In  cases  where  it  is  necessary  to  pump  the  water  to  a  city, 
etc.,  either  from  a  reservoir  or  from  natural  supply  sources, 
it  is  the  usual  practice  to  have  the  pumps  deliver  their  water 
into  one  or  more  stand  pipes  erected  in  suitable  locations. 
These  stand  pipes  are  simply  vertical  cylindrical  tanks  open 
at  the  top  and  of  a  height  depending  on  the  maximum  pres- 
sure required  in  the  distributing  mains;  the  water  flows  by 
gravity  from  the  stand  pipes  into  the  mains.  The  employ- 
ment of  stand  pipes  relieves  the  distributing  mains  of  the 
undue  pressure  and  stresses  they  are  liable  to  be  subjected 
to  at  times  if  the  pumps  delivered  the  water  directly  into 
the  mains.  

WATER-SUPPLY    CONTAMINATION 

2.  The  necessity  for  securing  a  good  wholesome  supply 
of  water  and  safeguarding  it  in  every  possible  way  to  main- 
tain its  purity,  cannot  be  overestimated  when  it  is  considered 
that  drinking  water  is  the  source  of  most  of  the  disease 
epidemics  now  prevalent.  Numerous  instances  can  be  cited 
where  epidemics  of  cholera,  typhoid  fever,  and  malaria  were 
traced  directly  to  an  infected  water  supply. 

3.  Spring  waters,  also  artesian-well  waters,  usually  come 
from  a  great  distance  and  have  lain  in  the  ground  for  a  con- 
siderable period  of  time;  filtration  of  the  waters  through  the 
earth,  to<^ether  with  the  germicidal  action  of  time,  usually 
clears  such  waters  of  all  impurities,  except  certain  harmless 
minerals  dissolved  from  the  strata  through  which  they  have 
percolated.  Almost  invariably  such  waters  furnish  a  whole- 
some water  supply. 

4.  Well  waters,  particularly  in  densely  populated  districts, 
should  always  be  regarded  with  suspicion,  and,  if  cesspools 
or  outhouse  privies  are  conditions  of  that  neighborhood  the 
waters  should  not  be  used  unless  a  chemical  and  bacterio- 
logical examination  has  shown  the  waters  to  be  wholesome; 
even  then  it  is  better  not  to  use  the  waters,  for  as  long  as  the 
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source  of  dan^^er  exists  there  is  a  Uabilitv  of  the  pollution 
working  its  way  to  the  wells  and  contaminating  the  waters. 

5,  Lake  and  river  waters  are  seldom  free  from  contami* 
nation-  Citiesj  villages,  and  country  dwellings  alon^  the 
shores  may  pour  their* sewage  into  the  waters,  and  the  sur- 
face washings  from  the  adjacent  territory  is  added  to  the  filth 
of  the  already  polluted  stream  or  lake.  Formerly  it  was 
believed  that  running  water  purified  itself  and  that  a  few  miles 
below  a  source  of  pollution  the  water  would  be  fit  for  use 
again;  investigation,  however,  has  disproved  this  hypothe- 
sis. It  is  now  known  that  running  water  only  affects  a  par- 
tial clarification  by  dilution,  and  that  within  20  miles  of  the 
source  of  contamination  slow-running  river  water  should  not 
be  used,  while  w^ith  swift-current  rivers  the  minimum  limit 
should  be  30  miles.  Even  then  waters  from  an  acknowledged 
contaminated  source  should  not  be  used  without  previous 
filtration.  Lake  waters  are  clarified  much  quicker  than 
river  waters  j  in  still  lake  waters*  free  from  currents »  the 
range  of  pollution  is  usually  confined  to  the  vicinity  of  the 
sewer  outfall.  Sedimentation  is  the  chief  factor  in  clearing 
lake  water  of  sewage.  The  large  particles  fall  to  the  bottom, 
and  in  faUing  carry  with  them  smaller  particles  with  which 
Uiey  come  in  contact,  thus  effecting  a  still  further  clarification* 

6.  From  whatever  source  water  is  derived,  it  should 
never  be  adopted  for  domestic  supply  without  first  being  sub- 
jected to  a  chemical  and  bacteriological  examination.  When 
an  examination  of  water  is  to  be  made  it  is  better  for  the 
analyzing  chemist  or  his  assistant  to  collect  the  samples  him- 
self, and  every  opportunity  should  be  given  him  to  study  the 
conditions  surrounding  the  source  of  supply i  as  it  will  enable 
him  to  more  intelligently  interpret  the  analysis  on  which  is 
based  hts  report. 

If  samples  of  water  are  to  be  sent  to  a  chemist  for  analysis » 
great  care  should  be  exercised  to  see  that  the  collecting 
vessels  are  thoroughly  sterilized  before  they  are  filled  with 
water.  It  is  customary  to  use  for  sample  jars,  jugs  of  glared 
earthenware  or  glass  bottles  of  1- gallon  capacity,  sealed  by 
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glass  stoppers.     Accompanying  the   samples    should   be  w 
minute  report  of  the  conditions  surrounding  the  water  at  the 
time  of  obtaining  the  samples,  M 

7.  Shallow  wells  are  liable  to  contamination  in  many 
ways;  the  principal  sources  of  contamination,  h<^wever,  are 
leachy  cesspools,  privy  vaults,  and  defective  sewers.  Fig.  1 
shows  how  a  well  can  be  contaminated  from  a  leachy  cess- 
pool. The  cesspool  a  is  extended  down  to  a  porous  stratum 
of  sand  also  pierced  by  the  driven  well  c.     The  walls  of 
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the  cesspool  are  lined  with  stones  laid  without  mortar, 
so  that  sewage  at  h  can  escape  to  the  soil  and  the  liquid 
portions  leach  away*  But  in  doinfr  so  they  follow  the 
natural  slope  of  the  stratum  to  the  well  and  are  pumped  out 
again  in  a  diluted  form  in  the  water  drawn  for  domestic  usq^ 

8*     Wells  are  sometimes  contaminated  by  sewage  from 
defective  sewers  passing  near  by.     When  necessary  to  ruQ^ 
sewers  close  to  wellSi  cisterns »  springs,  or  other  sources  oB 
water  supply,  the  sewer  should  be  constructed  of  iron  pipe, 
and  the  joints  made  perfectly  water-tight.    Another  source 
of  contamination  of  wells  is  around  the  top?  they  are  often 
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covered  with  planking  laid  with  wide  cracks  between  the 
Ijoard,  Filth  of  various  kinds  is  then  washed  into  the  well 
\if  the  waste  water  from  the  pump.  The  top  of  a  well  should 
l>e  elevated  above  the  surrounding  earth  and  should  be 
covered  with  a  broad  flat  stone,  so  that  all  waste  water  from  ' 
the  ptsmp  will  be  carried  some  distance  away  and  cannot 
ngain  enter  the  well  without  passing:  through  several  feet 
of  earth. 

When  it  is  suspected  that  a  well  is  being  contaminated 
from  a  cesspool  or  privy  vault,  the  truth  can  be  determined 
by  emptying  into  the  suspected  source  of  contamination  a 
large  quantity  of  salt  water*  If  within  a  reasonable  length 
of  time*  varying  from  a  few  hours  to  a  few  days,  depending 
on  the  distance  of  the  well  and  density  of  the  ground,  the 
well  water  shows,  by  taste  or  by  chemical  examination,  an 
amount  of  chlorine  over  the  normal  it  will  he  almost  conclu- 
sive evidence  that  the  suspected  well  is  being  contaminated. 
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OPEN    91IAl^I.OW    WELl^ 

9,  Country  buildings  and  institutions  are  seldom  so 
sitnated  that  water  mains  can  be  conveniently  extended  from 
the  nearest  city  system  to  them.  Therefore »  in  the  absence 
of  a  spring,  stream,  or  lake  on  or  near  the  premises,  resort 
is  usually  had  to  wells  for  the  supply  of  water.  The  simplest 
form  of  well  is  an  open  stitillow  well,  shown  in  section  in 
Fig.  %  It  consists  of  a  circular  pit  a  dug  vertically  into  the 
earth  several  feet  below  the  level  of  ground  water.  Its  sides 
are  usually  lined  with  stones  A  or  brick  laid  dry  {that  is,  with- 
out mortar)  and  the  top  is  covered  water* tight  with  a  flag- 
stones or  arched  over  with  brick  laid  in  cement  mortar.  The 
earth  should  slope  from  the  mouth  of  the  well  to  prevent 
surface  water  entering  and  contaminating  the  water. 

In  localities  where  ground  water  is  low,  being  more  than 
12  feet  from   the  surface,  shallow  wells  usually  provide  a 
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wholesome  supply  of  water  if  there  are  no  cesspools  or  privy 
vaults  near  to  contaminate  them.  Where  the  ground  water 
is  high  and  the  soil  saturated  with  water,  sufficient  filtration 
does  not  take  place  before  the  surface  water  reaches  the  well, 

and  water  from  shallow 
wells  in  such  localities, 
while  abundant,  may 
not  be  wholesome. 


OPEN    DEEP    WELLS 

10.  The  only  real 
difference  between 
open  deep  wells  and 
open  shallow  wells  is 
the  greater  depth  the 
former  must  be  ex- 
tended to  tap  water- 
bearing strata.  Deep 
wells  are  usually  lined 
above  the  water  level 
with  curved  bricks  to 
withstand  the  pressure 
of  the  earth  and  pre- 
vent the  walls  from 
caving  in.  Wells  of 
a  greater  depth  than 
25  feet  may  be  consid- 
ered as  deep  wells;  when  less  than  25  feet  deep  they  are 
shallow  wells.  Both  open  deep  wells  and  open  shallow 
wells  derive  their  supplies  principally  from  rain  water  that 
falls  in  the  immediate  neighborhood  and  percolates  through 
the  porous  strata  to  the  water  vein. 


Fir..  2 


ARTESIAN     WELLS 

11.     An  artesian  well,  in  its  true  sense,  is  a  spouting: 

well  bored  down  to  a  deep-water  vein  within  which  there  is 
sufficient  water  pressure  to  force  the  water  out  at  the  surface. 
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pbe  term  artesian  well  is  also  applied  to  any  deep  well  that  is 
tlirouijb  an    impervious   stratum  to  a   water- bearing 
ratum  below  the  impervious  one. 

The  supply  of  water  for  artesian  w^ells  is  usually  derived 
from  a  distant  source  and  conducted  between  impervious 
strata  of  roek  or  clay  to  the  point  of  interception-  In  Ftg.  3 
is  shown  an  artesian  well  a  that  derives  its  water  from  a 
porous  stratum  b  outcropping  on  the  farther  side  of  a  moun- 
tain range.  Water  falling  there  on  the  stratum  b  becomes 
confined  between  the  impervious  strata  rand  d,  and  at  various 
points  of  the  stratum  b  has  a  hydrostatic  head*  depending  on 
the  local  conditions,  the  maiiimum  head  being  in  each  case 
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the  vertical  distance  to  the  overflow  line^**  When  the  porous 
stratum  is  tapped  by  a  well  below  the  overflow  line,  as  at  ^, 
water  flows  from  the  mouth  of  the  well,  or  if  confined  in  a 

be  will  rise  to  the  level  of  e.  If  a  well  were  bored  to  the 
porous  strata  at  f,  water  would  rise  in  the  pipe  but  would  not 
overflow.  Strictly  speaking,  only  a  flowing  well  can  be 
called  an  artesian  well,  but  the  term  is  generally  used  to 
designate  all  wells  that  derive  their  water  from  a  distant 
source  through  the  water  veins  that  run  under  strata  of  clay, 
hard  pan,  or  rock. 

Artesian  wells  may  be  shallow  or  deep,  the  depth  depending 
entirely  on  the  formation  of  the  ground. 
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BORED    WBL.L.S 

12.  Wells  that  are  to  be  extended  to  a  great  depth  in 
the  earth,  or  that  are  to  be  sunk  through  rock,  are  usually 
bored  and  the  walls  lined  with  iron  pipe.     A  bored  >vell 

is  shown  in  Fig.  4. 
When  the  casing  a  has 
been  extended  to  the 
water-bearing  stratum 
sought,  a  dynamite  car- 
tridge is  sometimes  ex- 
ploded at  the  bottom  of 
the  well  to  excavate  the 
cavity,  or  reservoir,  d. 
This  is  resorted  to, 
however,  only  when  the 
water-bearing  stratum 
is  so  dense  that  water 
does  not  percolate 
through  it  suflficiently 
fast  to  supply  the 
pump.  The  casing  pipe 
a  forms  the  wall  of  the 
well  only.  It  is  never 
used  as  a  suction  pipe 
for  the  pump.  The 
pump  c  containing  the 
pump  bucket  is  lowered 
inside  the  casing  a  to 
near  the  water,  and  has 
a  suction  pipe  d  fitted 
at  its  lower  end  with  a 
a  foot- 
valve.  The  pump  rod  / 
Since  the  pump  is  gen- 
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is  located  inside  the  discharge  pipe;^. 
orally  of  the  sin<^lc-actin^  type,  it  is  advisable  to  fit  a  large  air 
chamber  //  to  the  discharp^e  pipe.  To  inspect,renew,  or  repair 
the  pump  parts,  the  pump,  etc.  must  be  raised  out  of  the  casing. 
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In  Fig,  4  the  plunger  of  the  pump  works  inaide  the  barrel, 
*^^  cylinder i  t,  the  valve  that  holds  up  the  water  beini;  at  d. 
■^  bis  pump  will  freeze  and  burst  if  exposed  to  frost* 
I  Bored  wells  have  been  carried  lu  a  depth  of  over  6, OCX)  feet. 

k  •"■^'-'^ 

13-     A  good  type  of  well  for  loose  soils  is  shown  in 
r^ig,  5;  It  is  known  as  a  €lrlvt.*ii  wolK    This  type  of  well  con- 
sists of  a  suction  pipe  a  driven  into  the  earth  until  the  dn'wn- 
'^til  point  b  reaches  ground  water  or  taps  a  water*bearing 
stratum  of  gravel  or 
Sand,      The    points 
I     cannot    be    driven 
through    solid    rock^ 
and  only  with   great 
,      difficulty  through 
hard  pan.     Consider- 
able trouble  is  estperi- 
enced  in  driving  wells  ^-^> 
through  soil  that  con-   * 
tains   stones   and    ^" 
boulders.    In  loose 
sandy  soiK  the  wells 
can  be  driven  to  a 
depth  of  75  feet,  and 
under  favorable  con- 
ditions   they   can    be 
driven   even   deeper, 
,       while  in  a  more  dense 
'       soil  M  feet  might  be 
the  limit*     A  driven- 
well  point  is   a  per- 
forated piece  of  pipe 

covered  with   a  finc-mcsh  brass- wire  screen,  which  is  pro- 
tected   from    lK*ing    lorn   off   by    a    pcrfnraled    sheet -brass 
ciivering-     The  perforated  pipe  is  screwed  into  a  cast-iron 
I       paint.     This  driven-well  point  is  driven  into  the  ground  at 
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the  place  the  well  is  to  be  located.  A  short  length  of  pipe 
is  then  screwed  to  the  threaded  end  and  the  point  is  driven 
until  the  second  piece  of  pipe  is  almost  level  with  the 
ground;  another  piece  of  pipe  is  then  screwed  on  and  driven 
downwards.  This  operation  is  repeated  until  the  point 
reaches  the  desired  depth.  The  pipe  is  driven  by  the  blows 
of  a  sledge  hammer,  a  cap  having  first  been  screwed  to  the 
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end  of  the  pipe  and  a  piece  of  wood  placed  on  the  cap  to 
receive  the  blows,  to  prevent  battering  the  end  of  the  pipe 

out  of  shape. 

14.  An  antlfroezlnj?  pump  is  one  that  cannot  be 
frozen,  and  is  therefore  suitable  for  outdoor  service  in  cold 
climates.  In  this  type  the  piston  and  pump  cylinder  are 
located  in  a  pit  under  the  discharge  end  of  the  pump,  as 
shown  in   Fig.  6.     The    suction   pipe  a  terminates   at   the 
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"bottom  of  the  pit  b.  The  pump  cylinder  c  is  screwed  on  a 
and  must  be  located  deep  enough  to  be  away  from  frost, 
usually  4  or  5  feet.  A  petcock  d  is  tapped  into  the  side  of 
the  discharge  pipe  just  above  the  cylinder.  This  cock  is  kept 
closed  during  summer  and  the  water  consequently  stays  up 
in  the  discharge  end,  but  dm^ing  winter  it  is  opened  and  then 
drains  water  from  the  discharge  pipe  e  when  the  pump  is  not 
being  worked.  The  bottom  of  the  pit  being  porous,  the 
waste  water  soaks  away  freely.  A  manhole  plate  /  is  placed 
in  the  pit  cover  for  access  to  the  pit. 

15.  When  a  greater  supply  of  water  is  required  than 
can  be  furnished  by  one  driven  well,  a  battery  of  wells  may 
be  driven,  as  shown  in  Fig.  7.     Each  well  a  should  be  con- 
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trolled  by  a  valve  b  placed  close  to  the  main  suction  pipe  c, 
so  that  any  well  in  the  battery  can  be  cut  out  for  alterations 
or  repairs.  The  wells  should  be  spaced  at  least  20  feet 
apart,  so  as  to  be  outside  the  zone  of  influence  of  one 
another.  Driven  wells  are  usually  made  of  galvanized  iron 
and  the  pipes  are  seldom  over  2  inches  in  diameter,  beinjj 
usually  li  inches  or  I2  inches.  The  method  shown  in  Fig.  7 
is  commonly  used  in  connecting  large  pumps  to  driven  wells. 
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SUPPIiY  FKOM  SPRINGS 


GRAVITY    SUPPLY 

16.  A  wholesome  and  abundant  supply  of  water  can 
usually  be  obtained  from  a  spring  when  there  is  one  located 
on  the  premises.  This  water  is  usually  obtained  from  a 
source  similar  to  that  of  artesian  wells;  in  place  of  flowing 
from  a  bored  opening  in  the  earth,  however,  spring  water 
follows  a  fissure  to  the  surface,  where  it  bubbles  forth. 

All  spring  waters  are  not  suitable  for  domestic  purposes. 
Some  are  so  strongly  alkaline  that  they  cannot  be  used  at  all; 
others  are  saline  and,  while  suitable  for  bathing  and  for  flush- 
ing fixtures,  cannot  be  used  for  potable  or  culinary  purposes. 
Waters  from  sulphur  springs  are  useless  for  domestic  pur- 
poses, and  some  waters  are  so  hard  that  they  cannot  be  used. 


S^^-&^m^^^^^^N^^ 
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17.  In  order  that  spring  water  may  be  piped  to  a  building, 
there  should  be  constructed  at  the  springs  a  reservoir  that 
will  store  sufficient  water  to  balance  fluctuation  due  to  unequal 
drafts  at  diff'erent  hours  of  the  day. 

The  manner  of  constructing  a  storage  reservoir  at  a  spring 
is  shown  in  Fij^:.  H.  The  wall  a  confines  the  springs,  and, 
when  water  is  not  being  drawn,  it  rises  to  the  level  of  the 
overflow  pipe  Ik  The  house-service  pipe  c  enters  the  reservoir 
near  the  bottom,  and   is   i)rovided  with  a  large  perforated 
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strainer  d  to  prevent  the  entrance  of  anything  but  water  to 
the  service  inain. 

If  the  spring  is  at  such  an  altitude  that  the  head  will  cause 
eaccessive  pressure  in  the  building,  or  if  the  consumption  of 
water  nearly  equals  the  supply,  a  storage  lank  should  be 
provided  at  the  building.  This  not  only  reduces  the  pressure 
of  water  in  the  distributing  system  of  pipes  in  the  buildingp 
but  will  also  store  the  night  flow  of  water  from  the  spring, 
which  will  be  required  during  the  day.  To  protect  the 
spring  from  contamination  by  leaves,  birds»  animals,  or 
people,  a  house  should  lie  built  to  enclose  it.  Besides  pro- 
tecting the  spring  from  contamination,  the  house  will  also 
help  to  prevent  the  water  from  freezing  during  winter  or 
becoming  warm  during  summer*  If  the  house  is  made  dark 
inside,  it  will  prevent,  or  check,  the  growth  in  the  water  of 
Alg£e  or  other  disagreeable  forms  of  water  vegetation. 


SiPUOKiC    SUFFl-Y    LINKS 

18,  It  is  always  advisable  to  run  water  pipes  from 
springs  so  that  they  will  pitch  toward  the  building  the 
entire  length  of  the  line*  This  allows  air  to  escape  from 
the  piping  at  the  spring.  It  frequently  happens,  however, 
that  a  hill  is  located  between  the  spring  and  the  building* 
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If  it  will  cost  too  much  to  dig  deep  enough  through  the  hill 
to  give  the  pipe  a  gradual  pitch  to  the  building,  then  it  is 
necessary  to  lay  the  pipe  in  the  form  of  a  siphon,  and  hence 
the  part  at  the  hill  will  be  higher  than  the  water  in  the  spring* 
Fig,  9  shows  a  slptionic  f^  up  ply  line  that  conveys  water 
from  the  spring  a  over  the  hill  ^  and  down  to  the  building  r. 
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the  undergfTound  pipe  being  shown  by  the  dotted  line  d. 
The  dot-and-dash  line  e  is  an  imaginary  line  drawn  level 
with  the  surface  of  the  water  in  the  spring.  The  greatest 
height  that  the  pipe  d  can  be  run  above  e  is  from  25  to 
30  feet,  according  to  the  height  of  the  spring  above  sea 
level.     Generally,  it  is  not  advisable  to  make  this  distance 
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more  than  25  feet,  because  the  pressure  of  the  water  at  the 
highest  point  is  so  low  that  air  readily  enters  the  pipe  and 
breaks  siphonaj^e. 

The  actual  head  that  produces  the  water  pressure  in  the 
buildinj^  is  the  vertical  height  between  e  and  the  building, 
and  in  computing:  the  volume  of  water  that  will  be  discharged 
at  the  building  this  is  the  head  that  must  be  considered. 

If  the  air  is  not  removed  from  the  pipe  it  will  impede,  and 
finally  stop,  the  flow  of  water.  The  system  is  then  said  to  be 
air  hound,  or,  the  siphonage  is  said  to  be  broken. 
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The  discbarge  end  from  a  siphon  line  should  be  submerged 
in  water  in  the  tank  or  reservoir  it  supplies.     This  will  pre- 
"%rent  air  entering  the  month  of  the  pipe  when  the  service  is 
:i30t  flowing  inlh    To  start  a  siphon,  the  pipe  must  first  be  filled 
^^ith  water;  this  may  be  done  by  filling  the  pipe  through  a 
-^alve  at  the  highest  point  in  the  line,  or  the  air  may  be  forced 
:ffom  the  line  with  water  by  an  ordinary  house  pump.     If  the 
pipe  line  is  not  perfectly  air-tight  above  the  level  of  the  line  e, 
air  will  enter  the  pipe,  accumulate  at  the  highest  point »  dis- 
place the  water,  and  prevent  a  flow  of  water  through  the  line* 
It  does  not  require  much  air  to  fill  the  bore  of  the  pipe,  and 
a  very  small  leak  will  stop  siphonage  entirely  in  a  few  days. 
To  extend  this  time,  an  air  accumulating  chamber  may  be 
used,  if  it  is  impossible  to  find  the  leak  and  remedy  it, 

An  air  chamber  suitable  for  siphon  lines  is  shown  in  Fig.  10. 
The  manner  of  operating  it  is  as  follows:  The  valve  a  is 
closed  and  the  chamber  if  filled  with  water  through  the  fun- 
nel c.  The  valve  4  is  then  closed*  the  valve  a  is  opened,  and 
the  air  chamber  is  ready  for  service.  As  air  accumulates  in 
the  lop  of  the  siphon  line  it  displaces  water  from  the  chamber 
until  it  is  entirely  empty.  The  chamber  must  then  be  filled 
^btgain  with  water.  Air  chambers  should  be  located  within 
^Knanholes,  for  easy  access  and  to  protect  them  from  frost. 
^Btead  pipe  is  less  liable  to  air  leakage  than  iron  pipe,  and  in 
^^this  respect  is  more  suitable  for  siphon  lines. 
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SUPPLY    FROM    STREAMS 

IH*  The  manner  of  supplying  buildings  with  water  from 
small  streams  depends  greatly  on  the  size  of  the  stream  and 
whether  the  stream  dries  up  during  perio<Js  of  prolonged 
drought.  If  a  stream  occasionally  dries  up,  a  reservoir 
should  be  provided  in  which  to  store  suflBcient  water  to 
aintain  a  good  supply  during  droughts.  When,  however, 
e  stream  can  be  depended  on  always  to  furnish  an  adequate 
pply    no    reservoir  will    be  required.     To    guard    against 
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damage  from  ice,  flood,  or  fish,  the  intake  from  a  small  stream 
that  is  free  from  mud  should  be  located  as  shown  in  Fig.  11. 
The  intake  strainer  a  should  be  placed  in  a  clean  perforated 
keg  b,  sunk  below  the  bed  of  the  stream  c.     A  strainer  so 
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located  will  not  only  be  safe  from  frost  and  floods,  but 
it  will  be  well  supplied  with  water  as  long  as  any  flows 
through  the  stream. 

20.  The  usual  manner  of  building  a  reservoir  is  shown 
in  Fig.  12.  The  sides  of  the  reservoir  are  built  at  an  angle, 
or  slope,  of  1  foot  on  the  vertical  run  to  at  least  2  feet  on  the 
horizontal  run.  The  bottom  and  sides  are  puddled  with  about 
12  inches  of  good  clay  to  make  the  reservoir  water-tight,  and 
the  sloping  sides  are  covered  with  brick  or  concrete  pave- 
ment to  protect  the  walls  from  the  abrasion  of  ice.  An  over- 
flow a  formed  with  good  solid  masonry  is  generally  made 
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large  enough  to  discharge  four  times  the  quantity  of  water 
that  can  enter  the  inlet  pipe  b.  This  extra  capacity  allows 
for  the  probability  of  the  overflow  sometimes  being  partly 
filled  with  ice.     An  emptying  pipe  r  connects  with  the  bottom 
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of  the  reservoir  and  discharges  into  the  stream  at  a  point 
Iciwer  down.  This  pipe  should  be  of  large  capacity t  so  that 
l.he  reservoir  cao  be  quickly  emptied  and  cleaned. 

The  supply  main  d  from  the  reservoir  to  the  buildings  is 
^irovided  with  three  intake  strainers.  t\  /,  and  ^i^,  so  that  by 
XTianipulating  the  valves  shown  in  the  manhole  k  water  can  be 
cirawn  from  different  levels  in  the  reservoir. 


SUPPLY    FROM    BIV£Rg 

21.  Water  snpply  from  rivers*,  while  generally  inex- 
liaustible  in  quantity,  is  not  always  of  the  best  quality. 
This,  to  a  certain  extent,  can  be  remedied  by  carefully 
selecting  the  point  of  intake.  One  manner  of  locating  an 
intake  is  shown  in  Fig,  13.  With  this  method,  the  supply  of 
water  is  not  obtained  from  the  river  proper,  but  from  an 
inhltration  gallery  a  built  parallel  with  the  river  d,  so  as  to 
intercept  ground  water  flowing  toward  it.     The  advantages 


Lof  locating  the  intake  €  in  this  manner  are:  (1)  that  the 
^Water  is  purified  by  passing  through  ihc  soil;  (2)  the 
waler  is  not  liable  to  be  contaminated  by  sewage  dei>osited 
in  the  river;  and  (S)  the  intake  cannot  be  damaged  by 
frost  or  flood* 

When  a  water  supply  is  taken  directly  from  a  river,  the 
intake  should  be  placed  above  the  buildings,  to  avoid  the 
surface  drainage  from  about   the   premises   that  will  enter 
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the  river,  even  if  the  sewage  does  not.  Care  should  be 
taken  to  locate  the  intake  at  that  point  which  will  give  the 
purest  water  at  all  times.  It  should  be  placed  in  a  good 
strong  crib  of  masonry  that  is  capable  of  withstanding 
torrents  and  ice;  and  the  crib  should  not  be  placed  in  an 
eddy  or  in  shallow  water  at  one  side  of  the  river,  since 
matter  in  suspension  is  apt  to  collect  there.  Should  there 
be  an  enlargement  that  may  be  likened  to  a  lake  or  pond  in 
the  river  near  the  buildings  to  be  supplied,  the  crib  should 
be  located  below  rather  than  above  it,  unless  there  is  danger 
of  additional  pollution  at  that  point.     The  intake  strainer 
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should  be  at  least  2h  feet  below  the  lowest  surface  of  the 
water  and  at  such  an  elevation  above  the  bottom  that  sand 
or  silt  cannot  enter  the  suction  pipe. 

22.  That  portion  of  a  suction  pipe  that  extends  into  the 
water  can  be  made  up  and  lowered  into  place  from  rafts 
anchored  on  the  river.  If  the  suction  pipe  is  of  small 
diameter,  wroug:ht-iron  pipe  may  be  used,  as  it  is  sufficiently 
flexible  to  allow  for  the  spring  incident  to  lowering  the 
pipe  to  the  river  bottom.  If,  however,  the  suction  pipe  is 
of  larjre  diameter,  a  pipe  with  flexible  joints  should  be  used; 
this  allows  the  pipe  to  adjust  itself  to  the  river  bottom  with- 
out undue  stresses  on  any  part  of  the  line,  and  permits  it 
being  made  up  on  rafts  and  lowered  into  place. 
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23»  A  crib  in  which  to  locate  an  intake  is  shown  in 
Fig.  14.  The  ends  ^  and  b  point,  respectively,  up  and  down 
stream.  The  upper  end  is  pointed  so  as  to  offer  but  slight 
resistance  to  floods  or  floating  ice  and  afford  but  a  small 
lodj^ing  place  for  logs,  trees,  and  other  floating  matter;  it 
also  prevents  the  formation  at  this  point  of  sand  or  mud 
hars.  The  down-stream  end  is  pointed  so  as  not  to  frtrm 
eddies,  which  would  retain  mud  and  floating  material  coming 
within  its  influence. 

24,  Cribs  should  be  built  of  brick  or  stone  masonry  laid 
in  Portland  cement,  or,  they  may  be  made  of  Portland-cement 
concrete*  Openings  should  be  left  in  the  walls  on  the  lower 
end  and  sides,  below  water  level  and  extending  to  near  the , 
river  bed.  The  inlet  openings  should  be  fitted  with  sliding 
screens  to  keep  out  fish  and  other  matter.  Sometimes,  cribs 
are  covered  and  pumping  machinery  is  installed  in  a  house 
built  over  the  crib.  It  is  the  more  common  practice,  how- 
ever, to  install  the  pumping  machinery  in  a  pump  house  built 
tm  the  river  bank;  the  pumps  then  take  the  water  from  the 
crib  and  pump  it  into  a  reservoir,  stand  pipe,  or  directly 
into  the  mains,  as  conditions  require. 


SUPPLY    FROM    LAKEB 

25.  Water  supply  from  lakes  must  be  selected  with 
great. care,  since  the  water  is  liable  to  contamination  by 
people  living  on  its  shores.  If  a  city  disposes  of  its  sewage 
into  the  lake,  additional  care  must  be  exercised  to  locate  the 
intake  at  the  point  least  liable  to  contamination  from  the 
sewage.  The  proximity  of  picnic  grounds »  burial  grounds, 
drives,  and  cultivated  fields  must  also  be  considered  as  pos- 
sible sources  of  contamination,  and  the  intake  located  as  far 
as  possible  from  such  places. 

The  supply  from  lakes  should  be  taken  from  deep  water 
subject  to  currents.  It  is  desirable  to  place  the  intake  at  the 
lower  end  of  a  lake  near  the  outlet,  as  the  shallow  still  water 
is  usually  at  the  upper  end.  The  intake  should  be  placed  in 
or  near  the  channel  and  on  the  side  of  the  main  current 
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opposite  to  the  outlet  of  any  sewers,  or  the  mouth  of  pol- 
luted streams,  discharging  into  the  lake.  When  a  spring 
that  feeds  the  lake  is  convenient,  the  intake  should  be 
extended  to  the  bottom  of  the  lake  near  the  spring  hole. 


ROOF-WATER  SUPPLY 


ADVANTAGES    AND    DISADVANTAGES 

26.  In  many  localities,  the  ground  water  from  wells  is  so 
impregnated  with  minerals  as  to  render  it  unfit  for  domestic 
purposes.  In  other  localities,  where  the  ground  water  is 
hard,  that  is,  contains  carbonates  or  sulphates  of  lime,  it  may 
be  used  for  some  domestic  purposes,  but  is  very  unsatisfactory 
for  laundry  work  and  bathing.  Under  such  conditions  it  is 
customary  to  construct  cisterns  in  which  to  store  rain  water, 
and  connect  the  cisterns  so  that  they  will  fill  from  the  water 
that  falls  on  the  roofs  of  the  buildings.  In  many  cities  that 
are  supplied  with  hard  water  from  the  city  mains,  cisterns 
are  installed  and  the  rain  water  from  the  roof  stored,  so  that 
the  buildings  can  be  supplied  with  both  hard  and  soft  waters. 

Buildings  that  are  to  be  supplied  with  rain  water  should  be 
provided  with  roof  gutters  to  confine  the  water,  and  leader 
pipes  to  convey  it  to  the  storage  tank.  When  a  house  tank 
is  located  in  an  attic,  the  leader  pipe  may  be  run  from  the 
roof  gutter  direct  to  the  house  tank,  and  an  overflow  pipe 
extended  from  the  house  tank  to  an  underground  cistern,  so 
that  water  overflowing  the  house  tank  during  rain  storms 
will  not  be  wasted.  This  method  of  filling  the  house  tank 
with  water  saves  pumping,  but  is  open  to  the  objection  that 
the  dirt  is  washed  from  the  roof  during  the  first  part  of  a 
storm  and  discharged  immediately  into  the  house  tank  without 
an  opportunity  for  sedimentation  to  clarify  it.  The  amount 
of  street  dust  that  is  blown  on  a  roof  and  afterwards  washed 
into  a  cistern  is  much  greater  than  is  commonly  supposed; 
excrement  of  birds,  fallen  leaves,  and  mossy  growths  also 
add  their  impurities  to  the  waters  collected  from  this  source. 
In  the  vicinity  of  manufacturing  cities,  various  products  of 
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cnmbusUon  and  of  industrial  waste  are  added  to  the  other 
impurities  on  a  roof  and  are  washed  off  during:  the  first  part  of 
every  storm.  This  dirt  gathers  on  the  bottom  of  the  cistern^ 
and  is  apt  to  contaminate  the  water  by  the  decay  of  some  of 
I  its  constituents. 


UNl>EIifJROUNI>    CISTERNB 

27,  liiilii  Lenders, — The  leaders  that  conduct  waters 
^from  building^s  to  unUeriic round  cisterns  should  be  con- 
^structed  of  some  material  that  will  not  affect  (he  waters 
'flowing  through  them.     Iron  pipes  are  quickly  corroded  by 

rain  water,  and  then  give  oK  a  red  oxide  of  iron  that  dis- 
colors clothes  and  stains  kitchen  and  tableware.     Lead  pipes 

'are  slightly  dissolved  by  rain  water » 
and  then  give  off  a  poisonous  solu- 
tion of  lead  salts.     The  best  mate-  i'!        M 
rial  for  underground  rain  leaders  is 
salt^glazed  earthenware  pipe  laid 

^with  Portland-cement  joints. 

To  allow  water  from  the  roof  sur* 
face  to  ran  to  waste  during  the  first 
I)  or  10  minutes  of  a  storm,  and  also 
to  turn  water  ofT  when  the  cistern 
is  fulU  a  leader  cut -off,  .shown  in 
Fig.  15,  is  generally  used.  When 
the  disk'ii  is  in  the  position  shown 
in  the  illustration,  rain  water  from 
the  roof  is  turned  into  the  branch  ^,  which  discharges  to 
waste.  After  the  roof  is  sufficiently  cleansed  by  the  rain, 
the  wire  handle  t  is  raised  parallel  with  the  leader  pipe  and 
locked  in  the  clamp  d.  The  disk  a  is  then  in  an  upright 
piisition  and  confines  the  water  to  the  leader  e,  which  dis- 
charges into  the  cistern. 

28.  CouBtrtietlon  and  Capneitjr  of  CI  sterns » — Under- 
L ground  cisterns  for   the  storage   of  rain  water  arc  usually 

made  of  brick  laid  in  Portland  cement,  and  plastered  on  the 
Inside  with  a  good  coat  of  Portland  cement  i  inch  thick. 
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An  overflow  pipe  from  a  cistern  should  never  connect  to  a 
cesspool  or  sewer.  If  it  cannot  discharge  to  the  atmosphere, 
it  is  better  to  have  no  cistern  overflow  but  provide  a  cut-off, 
so  that  when  the  cistern  is  full  all  surplus  water  can  be  run 
to  waste. 

Where  rain  water  is  depended  on  as  the  only  source  of 
supply,  the  cisterns  should  be  large  enough  to  store  sufficient 
water  to  tide  over  the  longest  period  of  drought  likely  to 
prevail  in  that  locality.  Should  the  locality  be  subject  to 
rains  only  during  certain  seasons  of  the  year,  cisterns  should 
be  made  sufficiently  large  to  store  all  the  water  that  falls  on 
the  roof  surface  during  such  periods.  If  the  average  rainfall 
during  the  rainy  season  is  known,  then  the  capacity  of»a 
cistern  can  be  determined  by  multiplying  the  area  of  roof 
surface,  in  square  feet,  to  be  drained  by  the  average  rainfall, 
in  feet,  during  the  rainy  seasons.  Thus,  if  the  average 
rainfall  is  12  inches,  that  is,  1  foot,  and  the  roof  of  a 
building  is  40  X  60  feet,  the  required  capacity  of  cistern  is 
40  X  60  X  1  =  2,400  cubic  feet. 

29.  Aeration  of  Cistern  Water. — Water  standing  in 
a  cistern  stagnates  and  sometimes  gives  off  offensive  odors, 
due  to  the  decomposition  of  organic  matter  carried  into  the 
cistern  by  the  rain  water.  Could  the  water  be  thoroughly 
stirred  and  aerated  daily,  it  would  be  more  fit  for  the  uses  to 
which  it  is  put.  A  simple  means  of  aerating  the  water  is  by 
using  a  special  form  of  pump,  known  as  an  aerating:  pump, 
for  pumping  the  water  from  the  cistern;  this  type  of  pump 
mixes  air  with  the  water  being  pumped.  There  are  many 
forms  of  aerating  pumps  in  use,  of  which  the  most  common 
arc  the  so-called  bucket,  or  chain,  pumps >  These  have 
little  cup-shaped  buckets  attached  to  an  endless  chain  that 
passes  around  and  is  operated  by  a  sprocket  wheel.  The 
lower  loop  of  the  chain  passes  under  a  pulley  wheel  and  the 
ascending  leg  of  the  chain  passes  through  a  tube.  When 
the  handle  is  turned,  the  ascending  buckets  in  the  tube  raise 
water  to  the  level  of  the  spout,  where  it  overflows.  The 
buckets  and  chain  in  descending  carry  air  into  the  water  and 
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thus  help  to  keep  it  fresh.  The  buckets  are  so  constructed 
that,  when  righted  for  the  ascent,  the  air  is  released  from 
themj  and  in  rising  to  the  surface  both  aerates  and  agitates 
the  water.  Pumps  of  this  description  can  also  be  advantage- 
ously used  to  aerate  the  water  in  cisterns  from  which  the 
house  supply  is  pumped  into  a  house  tank. 

30.  Clean! ti|r  of  CIsteriiB* — No  matter  how  careful  an 
attendant  might  be  to  see  that  the  first  part  of  all  storm 
water  falling  on  a  roof  is  run  to  waste,  a  considerable  amount 
of  organic  matter  wilU  in  course  of  time,  be  carried  into  the 
cistern,  where,  alter  enough  has  accumulated,  it  will  impart 
a  disagreeable  taste  and  odor  to  the  water.  For  this  reason 
cisterns  should  be  thoroughly  cleaned  at  certain  intervals  of 
time  to  keep  the  stored  water  as  pure  and  wholesome  as  the 
source  of  supply  and  conditions  of  storage  will  permit. 
Where  cistern  water  is  depended  on  as  the  only  source  of 
supply;  two  or  more  cisterns  should  be  used,  so  that  one  can 
be  cleaned  while  water  is  stored  tn  the  others. 


ARTIFICIAL  SOURCES 


STORAGE   RESERVOIRS 


OUTDOOB    BESERVOIKS    AND    TAKK8 

31.  Tanks  and  reservolre  that  store  water  for  country 
institutions  and  large  suburban  residences  are  usually  located 
outside  of  the  main  building,  and  in  cold  climates  are  housed 
by  themselves.  When  the  reservoir  is  at  such  an  elevation 
that  excessive  pressure  will  be  exerted  in  the  distributing 
pipes,  a  distributing  reserv^oir  is  usually  located  at  a  lower 
level  to  relieve  the  system  of  the  excessive  strain.  When  a 
distributing  reservoir  is  installed^  a  by-pass  is  usually  con- 
structed around  iti  so  that  in  case  of  fire  the  pressure  of 
water  from  the  impounding  reservoir  can  be  turned  into  the 
distributing  system. 

Reservoirs  should  be  sufficiently  large  to  store  enough 
water  to  tide  over  the  greatest  period  of  drought  likely  to 
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prevail  in  that  locality.  If,  however,  a  reservoir  is  supplied 
from  a  clear  stream  that  never  runs  dry,  it  need  only  be  large 
enough  to  store  a  few  weeks'  supply.  If,  on  the  contrary, 
the  stream  is  muddy  or  carries  much  matter  in  suspension, 
two  reservoirs  should  be  constructed,  each  of  sufficient 
capacity  to  store  water  for  several  weeks*  supply;  then,  while 
water  is  being  drawn  from  one  reservoir,  sedimentation  will 
take  place  in  the  other. 

32.  Underground  basins  or  reservoirs  are  usually  built 
of  brick  laid  in  Portland  cement,  or  of  Portland-cement 
concrete.  The  roofs  are  made  of  elliptical  groined  arches 
resting  on  columns  of  masonry  spaced  about  14  feet  apart. 
Generally,  one  or  more  manholes  a,  Fig.  16,  are  built  into 
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the  top  of  the  reservoir;  these  serve  as  vent  openings  and 
also  permit  entrance  to  the  reservoir  for  cleaning,  inspection, 
or  repairs.  In  place  of  manholes,  ventilators  are  sometimes 
used.  The  top  of  the  ventilator  should  be  protected  against 
the  entrr.nce  of  insects  or  other  foreign  matter  by  a  fine- 
mesh  wire  screen. 

33.  Outlet  connections  to  small  reservoirs  are  usually 
made  as  shown  in  Fig.  17.  An  upper  flange  a  of  the  outlet 
pipe  b  finishes  flush  with  the  reservoir  bottom,  so  that  an 
extension  piece  c  can  be  attached  to  extend  the  outlet  above 
the  mud  and  sediment  on  the  bottom.  The  pipe  b  is  well 
bedded  in  concrete  ^/to  hold  it  rigidly  and  make  a  water-tight 
joint  around  the  pipe.  The  outlet  is  protected  by  a  wire 
basket  or  strainer  c  secured  to  the  opening  of  the  pipe. 

34.  Outdoor  tanks  are  usually  made  sufficiently  large  to 
hold  2  days'  supply  of  water.     However,  in  localities  remote 
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'f<mi  repair  shops,  if  but  one  pump  is  depended  on  to  fill  the 
^ak,  a  larger  storage  capacity  should  be  provided  to  tide 
*^er  periods  of  breakdown.  When  water  from  the  tank  is 
^Iso  used  for  fire  protection^  additional  stora^je  capacity  must 
t>e  provided.  It  is  better  practice  *  however^  to  supply  fire 
I  ines  directly  from  the  ptimp>  as  greater  pressure  can  thus  be 
Obtained  than  from  a  storage  tank  at  the  ordinary  elevation. 
Tanks  should  be  placed  reasonably  dose  lo  the  buildings 
1:0  be  supplied  and«  when  possible,  should  be  located  on  high 
ground,  but  sheltered  from  strong  cold  winds* 
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35.  In  cold  ctimateSf  pipe  connections  to  tanks  must  be 
protected  from  frost;  this  is  usually  accomplished  by  enclo- 
sing them  in  a  wooden  boxing  and  packing  the  boxing  well 
with  some  non-heat-conducting  materials.  Sometimes  the 
entire  space  inside  of  a  water  tower  is  enclosed  in  woodwork 
and  used  for  a  tool  house*  In  severe  climates,  this  enclosure 
is  heated  by  steam  or  other  means  to  prevent  the  water 
freeaing  and  bursting  the  pipes.  The  pipes  leading  from 
the  tank  to  the  ground  should  be  wrapped  with  two  or  three 
thicknesses  of  hair  felt  and  then  covered  with  a  sewed-on 
canvas  jacket,  which  in  turn  is  given  two  coats  of  paint;  the 
piping  finally  should  be  incased  in  an  air-tight  wooden  box. 
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STEEL    TANKS 

36.  steel  storagre  tanks  are  made  in  many  sizes  and 
shapes  to  suit  different  locations  and  conditions,  and  can  be 
obtained  either  square,  rectangular,  or  cylindrical  in  form. 
The  sizes  and  shapes  most  commonly  used  are  listed  and 
usually  kept  in  stock  by  manufacturers. 

Steel  tanks  are  made  of  large  sheets  of  steel  riveted 
together;  owing  to  their  shallow  depth  and  consequent  low 
pressure,  which  seldom  exceeds  6  pounds  per  square  iach, 
the  seams  are  all  single-riveted,  and  the  only  reenfor- 
cing  braces  used  are  those  around  the  top  edge  of  the 
tanks.  The  greatest  stress  on  steel  tanks  of  this  type  is 
on  the  bottom;  hence,  they  should  be  firmly  set  on  a  level 
floor,  which  will  uniformly  support  the  bottom  and  prevent 
bulging. 

Screwed  pipe  connections  to  steel  tanks  should  be  made 
by  means  of  spuds,  that  is,  tapped  flanges,  securely  riveted 
to  the  tank  shell;  these  make  a  strong  connection.  When, 
however,  a  connection  must  be  made  to  a  steel  tank  already 
in  place,  it  can  be  made  by  means  of  a  rtmning  thread  on  the 
pipe,  the  joint  being  made  tight  by  gaskets  and  locknuts. 

In  ordering  steel  tanks,  a  sketch  should  accompany  the 
order,  showing  the  location  and  size  of  tapping  of  the  spuds 
for  the  pipe  connections.  The  tank  maker  will  then  rivet 
the  spuds  in  their  proper  places. 


STEEL.    STAND    PIPES 

37.  The  usual  form  of  steel  tank  for  large  water  supplies 
is  shown  in  Fig.  18;  this  type  is  known  as  a  stand  pii>e. 
It  is  cylindrical  in  form,  open  at  the  top,  and  is  made  of 
wrought-iron  or  steel  plates  riveted  together. 

Metal  plates  for  stand  pipes  have  not  only  to  withstand 
the  bursting  pressure  due  to  the  hydrostatic  head,  but  they 
must  also  be  strong  enough  to  withstand  the  additional 
stress  due  to  wind  pressure.  For  this  reason  stand  pipes 
are  made  of  much  thicker  plates  than  would  be  required 
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TABLK  I 

THICKNESS    OF    PI^TBS    FOR    STAND    PIPES 


Height  of  Stand  Pipe 
Feet 

Thickness  of  Lower 
Plates 
Inch 

Thickness  of  Upper 
Plates 
Inch 

75 

75  to  150 

150  to  200 

1 
i 

1. 

4 

i 
i 
1 

38.  Tornadoes  and  violent  wind  storms  are  the  most 
destructive  forces  that  stand  pipes  have  to  withstand.  Dur- 
ing severe  gales  the  pressure  of  wind  on  plane  surfaces  at 
right  angles  to  the  wind  is  sometimes  as  great  as  40  pounds 
per  square  foot,  but  owing  to  the  wind  striking  a  cylindrical 
surface,  the  resultant  force  of  the  wind  against  a  stand  pipe 
is  only  about  one-half  of  what  it  would  be  if  the  stand  pipe 
were  square  and  one  side  at  right  angles  to  the  wind. 

When  empty,  stand  pipes  are  least  stable,  and  under  the 
force  of  severe  gales  are  liable  to  shift  their  position  or  tip 
over,  unless  well  anchored  to  their  foundations.  Anchor- 
age is  usually  accomplished  by  bedding  anchor  bolts  a,  a, 
Fig.  18,  into  the  stand-pipe  foundation  d  and  securing 
them  to  the  bottom  of  the  stand  pipe,  as  at  r,  r.  With 
stand  pipes  of  small  diameter,  anchor  bolts  should  be 
spaced    about   3    feet    apart. 

39.  Connections  to  stand  pipes  are  usually  made  at  the 
bottom  of  the  tank.  Sometimes  the  pump  pipe  d,  Fig.  18, 
serves  as  the  supply  pipe  to  the  distributing  system,  and  a 
separate  pipe  e  connected  flush  with  the  bottom  of  the  stand 
pipe  serves  to  empty  the  tank  or  occasionally  wash  out  the 
sediment.  Valves  located  in  a  manhole  underground  and 
near  the  stand  pipe  should  be  placed  on  both  the  supply  pipe 
and  the  draw-off  pipe.  Overflow  pipes  are  sometimes  pro- 
vided for  stand  pipes,  but  in  recent  practice  they  are  omitted 
altogether.  The  height  of  water  in  a  stand  pipe  is  usually 
indicated  by  a  pressure  gauge  located  in  the  pump  room.  In 
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^^^ition  to  the  pressure  gauge  an  electric  telUale  is  soiiie- 
^^^>^s  installed;  this  rings  a  bell  in  the  pump  room  when 
^^er  rises  above  or  falls  below  certain  levels  in  the  stand 
^^^&«.  A  ladder  /  should  be  provided  on  all  stand  pipes  to 
^^Are  access  to  the  platform  usually  placed  on  top* 

The  greatest   stress    on    stand    pipes   is   due  to  internal 

^^^essure,  and  affects  the  vertical  seams  most.     Hence,  the 

^^rtical  seams  are  usually  double-riveted,  while  the  horisoa- 

*-*il  seams  are  single-riveteci.     The  lap  of  the  sheets  for  a 

^irigle- riveted  joint  is   abotit 

three  times  the  diameter  of  the 

Privets,  and  the  lap  for  double- 

i"iveled  joints  about  five  times 

Ibe  diameter  of  the  rivets.    The 

size  of  plates  generally  used 

is  5  feet  by  6  feet,  or  5  feet 

by  ^  feet. 

The  manner  of  securing  an- 
chor bolts  to  a  stand  pipe  re- 
quires careful  attention.     A 

wrought-iron  lug  should  be  securely  fastened  to  the  stand  pipe 
by  means  of  rivets.  The  free  end  of  the  anchor  bolt  passes 
through  a  hole  in  the  lug  and  is  secured  on  top  by  a  nut* 

40*  Connections  to  stand  pipes  are  usually  of  large 
diameter  and  made  with  cast-iron  pipes.  This  necessitates 
the  use  of  a  special  connection  fitting,  made  as  shown  in 
Fig,  19.  A  flanged  hub  a  is  securely  riveted  to  the  bottom 
plate  ^;  the  pipe  c  is  then  slipped  through  the  hub  and  the 
joint  d  made  tight  by  calking  it  with  oakum  and  soft  pig  lead. 
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CAST-IROH    TAITKI^ 

41 »  Cast-Iron  tanks  are  made  in  secttonSi  and  the  sec^ 
tions  are  bolted  together  to  form  a  lank.  These  sections  are 
made  of  uniform  size,  so  that  a  tank  can  be  enlarged  by 
adding  sections  to  it*  or  it  may  be  diminished  in  size  by 
[  taking  some  sections  away.  This  type  of  cast-iron  tank  is 
shipped  knocked  down  from  the  factory,  with  the  various 
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parts  numbered,  so  that  it  can  be  put  together  in  place  by 
inexperienced  workmen.  The  joints  are  made  up  with  a 
paste  or  cement  furnished  by  the  manufacturers,  and  are 
bolted  firmly  together  with  bolts  and  nuts.  Cast-iron  tanks 
are  very  heavy,  and  hence  their  bottoms  should  rest  firmly 
and  evenly  on  a  solid  floor  or  platform.  The  rectangular 
forms  of  tank  are  made  up  of  plain  sections,  with  reenforcing 
cross-braces  cast  on  each  section  to  stiffen  them;  the  top 
edge  is  usually  stiffened  by  a  strip  of  metal  that  extends 
around  the  entire  edge. 

Cylindrical  cast-iron  tanks  are  also  built  up  of  sections. 
Tanks  of  this  form  can  be  added  to  in  height  only,  because 
to  increase  their  diameters  would  require  plates  of  different 
curves.  The  individual  plates  for  cylindrical  tanks  are  not 
cross-braced,  but  thje  flanges  that  form  the  joints  are  reen- 
forced  by  brackets,  and  the  top  edge  of  the  tank  is  finished 
with  a  ring  of  metal. 

Connections  to  cast-iron  tanks  can  be  made  to  bosses  cast 
on  the  sections,  or  spuds  may  be  bolted  or  riveted  to  the 
tanks.  Cast-iron  tanks  are  not  used  as  extensively  as  steel 
tanks,  because  they  are  more  expensive  and  are  more  liable 
to  breakage.  They  are  used  chiefly  in  places  where  steel 
tanks  would  corrode  too  rapidly. 


WOODEN    TANKS 

42.  Most  tanks  used  for  storing  water  for  suburban 
homes  and  country  institutions  are  made  of  wooden  staves 
bound  together  by  iron  hoops  or  bands. 

Where  the  surrounding  land  is  level  the  tanks  are  usually 
placed  on  a  platform  a,  Fig.  20,  elevated  by  a  tower  b 
above  the  level  of  the  highest  fixture  to  be  supplied.  When 
water  from  the  tank  is  to  be  also  used  for  fire  protection,  the 
tank  is  elevated  to  a  much  higher  level  than  it  would  be  for 
domestic  supply  only.  A  ladder  c  extends  from  near  the 
ground  to  the  top  of  the  tank;  the  projecting  floor  of  the 
tower  forms  a  balcony  for  workmen  to  stand  on  while 
constructing  the  tank  and  tightening  the  hoops.     A  guard 
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rail  d  extends  all  around  the  platform  balcony,  and  the  tank 
is  roofed  over  by  a  cover  e.  The  tower  is  stiffened  against 
wind  pressure  by  tie-rods  /, /,  which  are  secured  to  metal 
sockets  on  the  upright  posts.  The  lower  ends  of  the  upright 
posts  rest  on  brick,  stone,  or  concrete  foundations  g^g,  to 
which  they  are  anchored  by  the  anchor  rods  h,  h,  which 
should  extend  to  the  bottom  of  the  foundation  walls,  below 
the  frost  line. 

Tank  towers  are  also  made  of  steel  framework,  the  general 
arrangement  of  the  members  of  the  structure  being  the  same 
as  shown  in  Fig.  20. 

43.  The  hooping  of  a  wooden  tank  is  the  most  important 
part  about  its  construction,  for  on  the  strength  of  the  hoops 
depends  the  safety  of  the  tank.  There  should  be  sufficient 
strength  in  the  hoops  to  not  only  hold  the  pressure  of  water, 
but  to  allow  a  factor  of  safety  of  not  less  than  four  to  one; 
in  other  words,  if  the  tensile  strength  of  the  metal  is  40,000 
pounds,  the  hoops  furnished  should  be  of  such  a  number  and 
size  that  when  properly  spaced  on  the  tank  no  more  than 
10,000  pounds  stress  per  square  inch  of  section  will  come  on 
any  hoop.  As  the  greatest  pressure  in  a  tank  is  near  the 
bottom  and  decreases  toward  the  top,  hoops  should  be 
spaced  closer  near  the  bottom  to  withstand  the  increased 
pressure.  On  the  cheaper  tanks,  hoops  are  made  of  band 
iron  with  the  ends  riveted  together,  and  are  tightened  by 
driving  them  down  toward  the  spreading  bottom  of  the  tank; 
with  the  better  classes  of  tanks,  flat-iron  hoops  are  used  and 
tightened  by  means  of  hoop  adjusters  drawn  together  by 
bolts  and  nuts. 

In  recent  years  round  hoops  have  been  much  more  gen- 
erally used  than  flat  hoops.  Round  hoops  are  several  times 
as  thick  as  flat  hoops  of  equal  weight,  and  consequently  there 
is  several  times  the  thickness  of  metal  to  rust  through  before 
the  hoops  give  out.  Moreover,  since  the  corrosion  of  hoops 
is  principally  from  the  under  side,  where  the  band  bears  on 
the  staves,  the  point  of  attack  is  materially  lessened  in  the 
round  hoops,  since  only  a  small  part  bears  on   the  tank. 


§49 


SOURCES  OF  WATER  SUPPLY 


m 


Furthermore,  almost  the  entire  surface  of  round  hoops  can 
be  examined  and  painted,  whereas,  after  fiat  hoops  have  been 
put  on  a  tank  they  can  be  painted  only  on  one  side.  As 
threads  are  cut  on  roimd  hoops  for  the  locknuts  At  the  draw 
lugs,  the  strength  of  the  hoops  must  be  based  on  the  sixe  at 
the  bottom  of  the  threads,  and,  therefore,  the  total  weight  of 
the  round  hoops  required  for  any  tank  must  be  considerably 
more  than  would  be  necessary  in  flat  hoops  lor  the  same  tank- 

44.     Outside  tanks  should  be  roofed  over  to  protect  the 
waters  from  contamination  by  dust,  birds,  or  insects^  and  to 


Pi&.  21 

check  the  formation  of  ice.  The  roofs  may  be  either  flat  or 
pitched,  the  latter  being  preferable  on  account  of  the  better 
appearance  and  greater  cleanliness. 

The  construction  of  a  pitched  roof  is  shown  in  Fig*  21. 
A  plate  n  rests  on  and  is  secured  to  the  top  edge  of  a  tank. 
A  cross-beam  if  supports  the  center  post  f,  which  forms  the 
apex  of  the  roof  and  aflFords  a  bearing  for  the  upper  end  of 
the  roof  l>oards  ti,  A  hinged  door  is  provided  at  e  to 
I         afford  access  to  the  tank. 

I  45i     The  thickness  of  wooden  staves  for  tanks  depends 

r         on  the  diameter  of  the  tank.     Thus,  stock  sizes  up  to  S  feet 
I)        in  diameter  have  li-inch  staves.     Tanks  from  8  to  20  feet  in 

^ : ^ s 
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diameter  have  2-inch  staves,  and  all  tanks  with  diameters 
larger  than  20  feet  may  have  3-inch  staves.* 

46.  Wooden  tanks  are  sometimes  fitted  with  an  indicator 
gauge  and  float,  so  that  from  the  engine  room  the  engineer 
in  charge  can  see  the  depth  of  water  in  the  tank.  The  man- 
ner of  fitting  up  an  indicator  gauge  is  shown  in  Fig.  22.  A 
gauge  board  a  with  a  white  background  is  fastened  to  the 
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outside  of  the  tank.  The  board  is  laid  out  with  black  lines 
to  indicate  feet  and  fractions  of  a  foot,  and  the  feet  marks  are 
indicated  by  black  figures  8  inches  high.  A  galvanized-iron 
or  copper  float  b  inside  of  the  tank  rises  and  falls  with  the 
level  of  water,  and  thus  by  means  of  a  chain  c  and  pulleys  d 
and  €  raises  or  lowers  the  sliding  weight  /  to  correspond  with 
the  height  of  water  in  the  tank. 


t|40  SOURCES  OF  WATER  SUPPLY  3£ 

MAINS 

47.  Underground  distributing  pipes  should  be  placed 
below  the  level  of  frost  and  should  be  so  valved  and  graded 
that  any  branch  can  be  cut  out  and  drained.  If  the  pipes 
are  of  wrought  iron  with  screwed  joints,  and  require  to  be 
drained  and  left  empty  during  cold  weather,  provision  should 
be  made  for  expansion  and  contract  ion  ^  so  as  not  to  spring 

I  any  of  the  joints  and  cause  them  to  leak.     In  santly  soil,  pro- 
Vision  for  expansion  should  be  made  every  bOO  feet;  while  in 
ielayey  soil,  expansion  should  be  provided  lor  every  300  feet. 
The  usual  method  of  allowing  for  expansion  of  underground 
pipes  is  to  offset  the  line  at  certain  distances  and  cover  the 
spring  piece  of  each  offset  with  a  wooden  box  or  brick  culvert 
^^sufficiently  large  to  permit  a  movement  of  i  inch  for  each 
HlOC)  feet  length  of  the  pipes.     If  the  pipes  are  laid  below  the 
^Krost  line  and  remain  full  of  water  all  winter  they  are  usually 
^Vlaid  to  suit  the  ground,     Joints  in  cast-iron  pipe  are  flexible 
"to  a  certain  extent,  and  each  joint  compensates  for  the  expan- 
*  sion  and  contraction  of  the  pipes^  which  may  therefore  be  laid 
in  straight  lines  of  indeHnite  length.    For  pipes  up  to  2  inches 
in  diameter  I  wrought-iron  pipe  is  generally  used;  larger  pipes 
are  usually  of  cast  iron. 

^M  48.  The  water  pressure  in  city  mains  is  seldom  constant, 
and  often  varies  considerably  from  the  normal  pressure* 
This  is  due  to  excessive  draft  at  factories,  slaughter  houses, 
and  other  places  where  large  quantities  of  water  are  used 
during  the  day* 

In  localities  where  the  pressure  In  street  mains  is  irregular, 
a  tank  should  be  provided  and  a  pump  installed  to  pump 
water  from  the  city  mains  into  the  tank  for  use  when  the 
pressure  is  low.  The  pump  used  for  this  purpose  need  not 
pump  water  from  a  specially  provided  suction  tank,  but  may 
connect  directly  to  the  service  pipe  of  the  building. 

49»  Sometimes  water  supplies  from  city  mains  are  sub* 
jecied  to  pounding  noises,  caused  by  water  hammer,  due  to 
defective  pumping  machinery  at  the  pumping  station  or  to 
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hydraulic  elevators  operating  directly  from  the  city  supply.  It 
is  beyond  the  province  of  the  plumber  to  remove  the  cause 
of  water  hammer  in  city  mains.  He  can  modify  its  effect  in 
the  house  system,  however,  by  installing  large  air  chambers 
at  suitable  points  of  the  distributing  system  to  absorb  some 
of  the  shock. 

PUMPS 


HAND    PUMPS 

60.  Pltcliep  Spout  Pumps. — ^The  simplest  form  of 
pump  used  to  supply  water  for  domestic  purposes  is  a 
pitcher  spout  pump;  this  can  be  used  to  supply  water 
only  to  the  fixture  to  which  it  is  attached.  It  cannot  raise 
water  to  a  greater  height  than  its  own  level  and  is  usually 
placed  at  the  end  of  a  kitchen  sink  to  supply  water  to  that 
fixture.  This  form  of  pump  is  never  used  to  fill  house  tanks, 
as  it  is  not  suited  to  that  purpose.  Its  use  is  limited  to 
country  or  suburban  residences,  where  a  kitchen  sink  and 
possibly  a  bathtub  constitute  the  plumbing  fixtures  in  the 
building.  The  greatest  height  a  pump  of  this  type  will  lift 
water  depends  on  its  elevation  above  sea  level.  Theoret- 
ically, at  sea  level  it  should  raise  water  34  feet,  but  in 
practice  the  height  it  will  raise  water  is  found  to  be  about 
28  feet. 

The  valves  of  a  pitcher  spout  pump  are  located  in  a  cylin- 
der that  forms  the  barrel  of  the  pump;  consequently,  as  the 
valves  raise  and  hold  the  water,  the  pump  and  suction  pipe 
always  remain  full  of  water  unless  precautions  are  taken  to 
empty  them  after  use.  As  the  precaution  of  emptying  the 
pump  and  suction  pipe  after  use  is  liable  to  be  forgotten, 
pitcher  spout  pumps  that  are  located  in  exposed  places  in 
cold  climates  should  be  protected  from  frost  by  placing  the 
valves  in  a  cylinder  located  below  the  level  of  frost  and  pro- 
viding a  drip  hole  above  the  valve  cylinder  in  the  pump  pipe, 
through  which  the  water  in  the  pump  and  pipe  can  drip  back 
into  the  well  or  cistern. 


§49 


SOURCES  OP  WATER  SUPPLY 


37 


Two  or  more  pitclfer  spont  pumps  are  sometimes  con- 
nected to  one  suction  pipe.  When  so  connected  the  main 
suction  pipe  should  be  sufficiently  large  to  supply  water  to 
all  the  pumps  when  they  are  operated  simultaneously,  and 
each  branch  to  a  pump  should  be  provided  with  a  stop*cock» 
so  that  water  will  not  run  from  all  the  pumps  when  only  one 
Is  operated.  This  method  of  installingf  pumps,  however,  is 
very  unsatisfactory,  and  when  the  extra  cost  of  stop-cocks 
is  considered  it  is  doubtful  if  the  slight  saving  would 
justify  such  an  installation  in  place  of  providing  a  separate 
suction  pipe  for  each  pump. 

Two  suction  pipes  are  sometimes  connected  to  one  pump. 
This  is  usually  done  to  permit  either  well  or  cistern  water 
being:  drawn  from  the  same  pump;  the  change  from  one  to 
the  other  is  accomplished  by  means  of  a  three-way  cock 
placed  close  to  the  pump. 

51.  Force  Pumps. — When  it  becomes  necessary  not 
only  to  lift  water  from  a  well  or  other  source  of  supply,  but 
also  to  elevate  the  water  to  a  higher  level,  where  it  may  be 
stored  for  distribution »  force  puiiips  must  be  installed. 
When  force  pumps  are  used  in  deep  wells ^  the  valve  cylinders 
are  placed  in  the  well  just  above  the  level  of  water.  By  so 
locating  the  valve  cylinders,  the  valves  can  be  repaired  with- 
out removing  the  pump  from  the  well,  since  a  workman  can 
be  lowered  on  a  seat  by  means  of  a  block  and  fall,  and 
repair  the  pump  in  place.  Pump  pipes  in  deep  wells  should 
he  securely  fastened  to  cross*braces  placed  at  intervals  of 
about  10  feet  to  prevent  vibration  of  the  pipe. 

Force  pumps  are  provided  with  air  chambers  placed 
immediately  above  the  valve  cylinders.  In  ordinary  house 
pumps,  the  air  chamber  is  pear-shaped  and  forms  part  of  the 
pump*  In  deep-well  piimps^  however,  the  air  chamber 
usually  consists  of  a  capped  leninrth  of  iron  pipe  connected  to 
the  pump  pipe  just  above  the  valve  cylinder  and  extended 
upwards  parallel  with  the  pump  pipe, 

52*  To  fix  a  pump  in  place,  a  workman  is  frequently 
required  to  descend  into  the  well.     All  deep  excavations  in 
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the  earth  are  liable  to  become  partly  filled  with  carbon 
dioxide,  which  is  fatal  to  animal  life  and  kills  by  suflfocation, 
Therefore,  before  entering  a  well  the  air  should  be  tested  by 
lowering  a  lighted  candle  or  lamp,  on  a  w^ire  or  cord,  to  the 
surface  of  the  water.  If  the  flame  bums  badly  or  goes  out, 
it  indicates  that  gas  is  present  in  a  dangerous  quantity,  and 
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the  workman  should  not  go  down  until  the  air  is  pure*  The 
accumulation  of  the  gas  is  quite  irregular,  and  depends  to 
some  extent  on  the  pressure  of  the  air,  as  shown  by  the 
barometer.  Sometimes  a  wel!  that  is  free  from  gas  on  a 
certain  day  will  accumulate  enough  gas  during  the  night 
to  be  dangerous  the  next  morning. 


POWKH    PUMPS 

53.  Ilydranllc  Hanin. — If  a  stream  of  good  water, 
having  a  fall  of  5  feet  or  more  in  a  hundred  feet,  flows 
within  a  reasonable  distance  of  the  premises,  a  hydraulic  ram 
may  be  used  to  pump  water  into  a  suitable  house  tank.  The 
manner  of  connecting  a  ram  is  shown  in  Fig.  23.    The  ram  if 
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^Ks  located  in  a  masonry  pit  ^,  where  it  should  be  protected 
^Pfrom  frost  by  banking  earth  around  the  walls.  The  drive 
pipe  c  from  the  source  of  water  supply,  which  in  the  fi^re  is 
a  dam  made  in  the  stream,  is  connected  to  the  inlet  tapping 
of  the  ram,  and  the  discharge  pipe  (/  is  extended  in  a  trench 
to  the  house,  where  it  supplies  a  trmk  located  in  the  attic 
The  level  of  a  ram  should  be  at  least  2  feet  below  the  level 
of  the  inlet  to  the  drive  pipe,  and  in  cold  climates  the  drive 
;>ipe,  the  ram,  and  the  discharge  pipe  should  be  protected 
rom  frost* 

54.  Drive  pipes  for  hydraulic  rams  should  be  of  wrought 
ron  or  brass  to  withstand  the  hammering  of  the  water  col- 
limn,  which  wonld  soon  destroy  lead  pipes.  They  should 
t  about  40  feet  long,  to  provide  sufficient  weight  of  water  in 
^le  driving  column  to  operate  the  ram.  If  two  or  more  rams 
re  used,  each  must  have  its  own  independent  driving  pipe, 
but  they  may  all  discharge  into  the  same  delivery  pipe.  If 
ingles  or  bends  are  necessary  in  any  of  the  pi|>es,  they  should 
made  by  bending  the  pipes  to  as  large  a  radius  as  practi- 
*Cable»  Angles  should  not  be  made  with  ordinary  pipe  fittings, 
because  of  the  frictional  resistance  they  offer  to  the  flow  of 
water.  To  facilitate  repairs,  each  drive  pipe  and  each  deliv- 
ery connection  should  be  provided  with  a  straight- way  or 
gate  valve. 

I  Double  rams  are  in  the  market;  these  can  be  operated  by  a 
tream  of  dirty  or  impure  water,  but  will  take  pure  water 
rom  some  other  source  and  elevate  it  to  the  point  desired. 


55#  IIot-AIr  Ptim|iis. — Pumps  driven  by  the  expansive 
brce  of  heated  air  are  usually  well  adapted  for  domestic  water- 
supply  purposes,  as  they  require  very  little  attention  and  use 
but  little  fuel  Care  must  be  taken  to  avoid  overheating 
jlbem  and  to  keep  them  properly  lubricated.     If  the  engine 

of  the  vertical  type*  the  engine-house  roof  must  be  made 
enough  to  permit  the  removal  of  the  pistons  by  means 
of  a  block  and  tackle.  There  should  be  a  hitch  in  the  roof 
large  enough  to  allow  the  pump  rods  and  tubes  to  be  lifted 
oat  of  the  well. 
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56.  In  Fig.  24  is  shown  a  sectional  view  of  the  £rlcsson 
hot-ulr  eiii^ine.  This  engine  is  chiefly  used  for  driving 
low-pressure  pumps,  and  may  be  obtained  with  the  fire- 
chamber  adapted  to  any  kind  of  fuel.     The  type  shown  is 
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designed  to  use  g:as  as  a  fuel,  and  is  very  suitable  for  use  in 
city  buildings  where  city  gas  is  easily  obtained,  or  in  subur- 
ban or  country  buildings  having  their  own  gas-making 
machines. 
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Tte  engine  is  placed  on  a  solid  rectani^^ular  frame  a,  sup- 
IHJrled  by  four  wrought-iioii  legs  ^,d  solidly  bolted  ta  the 
floor,  A  cast-irun  bracket  c  and  a  wrought-iron  post  d 
support  :i  flywheel  e,  which  has  a  crank  /  keyed  tu  its  shaft. 
The  arm  .^^of  tlie  bent  lever*  or  beU'Crank»  whose  fulcrum  is  /, 
is  attached  to  /  by  means  of  a  connecting  link  A*  A  cast-iron 
cylinder  /\  having  a  water -jacket  A'  around  its  upper  part,  has 
the  closely  fitted  main  piston  /  connected  tu  an  overhead 
lever  m  by  connecting  links,  as  n.  The  cylinder  also  has  a 
loosely  fitted  transfer  piston  o;  this  piston  is  connected  to  a 
rod/  that  branches  out  over  the  walking  beam  m,  and  pass- 
ing down  outside  of  the  water-jacket  connects  to  the  arm  ^ 
of  the  bent  lever,  as  shown  by  dotted  lines.  One  end  of  the 
walking  beam  is  connected  to  /  by  means  of  a  link  r;  the 
Other  end  connects  with  the  piston  rod  of  a  pump  chamlier  j, 
bolted  to  the  water-jacket  by  means  of  a  brass  link  /.  The 
form  of  pump  shown  is  usually  furnished  with  the  engines, 
being  especially  designed  for  them.  The  pump  is  single- 
acting,  and  the  plunger  moves  in  a  brass  cylinder  within  the 
pump  chamber  s^  as  shown.  The  foot- valve  7;  is  simply  a 
disk  of  rubber  held  in  place  by  a  brass  bolt.  The  outlet  or 
discharge  valve  z^  is  a  cylinder  of  rubber  resting  loosely  on  a 
rectangular  seat.  The  suction  pipe  w  is  connected  to  the 
source  of  water  supply,  which  may  be  a  shallow  well,  cistern, 
or  city  water  main.  It  is  customary  to  place  an  air  cham* 
her  X  on  the  pipe  w,  and  near  the  pump,  A  brass  gland  and 
nut  at  y  holds  the  pump-rod  packing  in  place*  The  furnace  s 
is  composed  of  a  double  thickness  of  heavy  sheet  iron  having 
insulating  material  between,  and  is  fitted  with  a  sheet-iron 
pipe  to  convey  the  products  of  combustion  to  some  con* 
^venient  chimney.  In  the  figure,  the  furnace  is  shown  fitted 
with  atmospheric  gas  burners  n,  of  the  Bunsen  type.  A 
lever-handle  stop-cock  is  attached  to  the  gas  supply  pipe, 
and  a  screwed  union  is  placed  on  the  pipe  between  the 
btimer  and  the  stop-cock,  so  that  the  burner  may  he  tak en- 
out  at  any  lime.  The  cast-iron  heater  ^,»  which  is  a  cylinder 
with  an  elliptical  lower  end,  hangs  in  the  combustion  chamber 
or  furnace,  and  is  supported  by  bolts  that  attach  it  to  the 
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upper  cylinder  /  by  an  air-tight  joint.  Another  cylinder,  or 
sleeve,  c^  is  suspended  within  bx  in  such  a  manner  that 
communication  is  had  between  the  spaces  above  and  below 
the  transfer  piston. 

67.  When  the  heater  is  sufficiently  hot  (its  working  tem- 
perature, of  course,  varying  with  the  work  the  pump  has  to 
do,  but  usually  a  dull  red  heat),  the  flywheel  is  revolved  by 
hand  once  or  twice  to  start  the  engine.  When  at  work,  the 
heater  bx  is  kept  at  a  dull  red  heat.  Referring  to  the  illus- 
tration, the  piston  /  is  very  near  the  lower  end  of  its  stroke, 
and  the  transfer  piston  o  has  made  about  one-third  of  its 
upward  stroke.  As  it  approaches  /,  the  air  between  them  is 
driven  downwards  between  o  and  /  into  the  space  vmdemeath. 
This  air  passes  over  the  red-hot  surface  ^„  and  is  quickly 
heated  and  expanded.  The  pressure  that  results  from  the 
expansion  drives  the  piston  /  upwards  and  rotates  the  fly- 
wheel. About  the  time  that  /  reaches  the  middle  of  its  stroke, 
the  transfer  piston  starts  downwards  and  quickly  displaces  the 
air  .in  the  hot  lower  end  of  the  cylinder,  driving  it  into  the 
upper  and  cold  end.  As  the  air  comes  in  contact  with 
the  water-cooled  surfaces  of  the  cylinder,  it  parts  with  its 
heat  to  the  water  and  contracts  correspondingly.  The  pres- 
sure decreases  sufficiently  to  permit  the  flywheel  to  return 
the  piston  to  the  lower  end  of  its  stroke  without  stopping, 
and  to  move  the  transfer  piston,  thus  shifting  the  cooled 
air  into  the  heater  again.  The  pressure  of  the  air  within 
the  cylinder  thus  rises  and  falls  once  during  each  revolu- 
tion. It  will  be  seen  that  the  air,  when  expanded  by  the 
heat  of  the  fire,  in  forcing  the  piston  /  upwards,  also  raises 
the  pump  phinger,  which  forces  a  certain  quantity  of  water 
through  the  water-jacket  and  into  the  delivery  pipe  con- 
nected to  it.  A  copper  air  chamber  dx  is  attached  to  the 
delivery  pipe  near  the  water-jacket,  and  forms  a  cushion  to 
receive  sudden  shocks  that  might  otherwise  burst  the  outer 
shell,  or  jacket. 

It  will  be  observed  that  all  the  water  raised  by  this 
engine  must  pass  through  the  water-jacket  and  do  duty  as 
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^  ciooling  medium.     To  stop  the  engine,  it  is  only  necessary 

^^  shut  off  the  gas. 

When  it  is  necessary  ior  the  pump   to  raise   water  to 

^  height  greater  than  100  feeti  such  as  is  often  the  case  in 
*^ountry  buildings,  a  double-cylinder  hot-air  engine  is  most 
commonly  used*  With  this  class  of  engine,  coal  is  gener- 
ally used  as  the  fuel,  although  furnaces  can  be  had  that  will 
bum  any  kind  of  fuel. 

58.  In  Fig.  25  is  shown  a  Htder  compreBslon  piimp- 
iii|f  oti|2^1ue|  especially  designed  for  pumping  against  high 
pressores.  Although  having  two  cylinders,  its  principles  of 
action  are  nearly  the  same  as  those  of  the  Ericsson,  already 
explained.  The  compression  piston  a  extends  into  the  base 
of  the  engine*  and  closely  fits  the  cylinder  b  as  well  as 
a  sleeve  suspended  from  it,  which  extends  to  about  h  inch 
from  the  bottom,  as  shown*  An  air  space,  in  the  form  of 
an  annular  passage,  is  provided  between  this  sleeve  and  the 
cooler,  or  water- jacket,  c.  The  power  piston  d^  which  fits 
the  cylinder  ^  closely,  extends  down  into  the  heater  /,  and 
closely  fits  the  top  of  a  sleeve  suspended  from  e,  which 
sleeve  extends  into  the  annutus  of  the  heater,  as  shown. 
Annular  air  passages  are  formed  around  the  power  piston 
and  the  sleeve.  The  air  space  with  the  heater  communi- 
cates with  the  space  enclosed  by  the  water-jacket  r  by 
means  of  a  regenerator^,  fitted  with  a  number  of  thin  plates 
held  apart  about  k  inch.  The  pistons  a  and  d  are  connected 
to  a  flywheel  and  shaft  by  means  of  cranks  A,  h  and  con- 
necting-rods I,  I.  An  arm  bolted  to  the  top  of  the  com- 
pression piston  connects  with  the  plunger  tod  of  the  pump, 
A  snifter  valve  /,  whose  action  is  similar  to  that  of  a  vacuum 
valve,  furnishes  air  to  ihe  interior  of  the  compression  cham* 
ber^  if  at  any  time  the  pressure  therein  becomes  less  than 
that  of  the  atmosphere.  Double  cup  leathers  at  k,  k  make 
the  pistons  air-ttght  around  their  tops.  Any  leakage  of  air 
at  these  packings  or  elsewhere  is  compensated  for  by  a  sup- 
ply of  air  through  /,  The  furnace  pot  of  this  engine  is 
lined  with  thick  firebrick,  and  a  6*inch  or  7*inch  smoke  pipe 
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iken  from  the  back  of  the  combustion  chamber  if  coal  is 
sed  as  the  fuel.  In  operation,  the  heater  is  maintained  at 
low  red  heat*  When  the  parts  are  in  the  position  shown, 
e  greater  part  of  the  air  is  in  the  healer  and  is  expanding, 
tus  driving  the  piston  d  upwards*  During  the  last  half  of 
Is  upward  stroke,  it  is  assisted  by  the  pressure  that  acts 
under  the  piston  a.  By  the  time  that  the  piston  d  has 
reached  the  middle  of  its  downward  stroke,  the  plunger  m 
,has  risen  to  the  top  of  its  stroke,  and  the  greater  part  of  the 
air  has  been  driven  through  the  regenerator  into  the  cooler. 
The  pressure  rapidly  falls  and  permits  the  flywheel  to 
drive  d  to  the  bottom  of  its  stroke.  Meantime,  a  comes 
half  way  down  and  compresses  the  charge  of  air.  As  a  con- 
tinues to  move  down  wards  t  d  begins  to  rise,  and  the  trans- 
fer of  the  cooled  air  to  the  heater  begins*  Thus  the 
pressure  rises  and  falls  within  the  engine  during  each  rev- 
olution. In  the  passage  of  the  hot  air  from  the  heater  to 
the  compression  cylinder,  a  large  amount  of  heat  that  has 
l>een  absorbed  and  retained  by  the  regenerator  plates  is 
transmitted  to  the  air  on  its  passage  back  to  the  heater. 
Thus  it  will  be  seen  that  the  regenerator  is  a  device  increas- 
ing the  economy  of  the  engine.  The  pumps  used  in  this 
class  of  engine  are  double-acting* 

59.     The  lower  parts  /  and  m  of  the  pistons,  which  are 

subjected  to  high  temperature,  are  filled  with  non-combus- 
tible non-conducting  material.  The  packings  k  on  top  of 
the  cylinder  e  are  kept  at  a  low  temperature  by  a  water 
collar  n,  through  which  a  stream  of  water  is  allowed  to  flow 
while  the  engine  is  working.  The  water-jacket  c  is  con- 
nected to  n  by  a  i-inch  iron  pipe  having  a  stop-cock  in  it  to 
regulate  the  How*  The  surplus  water  passing  through  n  is 
^usually  allowed  to  go  to  waste;  it  is  only  a  very  small  stream, 
forming  a  mere  fraction -of  the  quantity  of  water  delivered 
by  the  pump* 

Care  must  he  taken  when  ciiling  these  hot-air  engines  not 
to  allow  oil  to  flow  into  the  cylinders,  as  it  soon  becomes 
baked  hard  and  fast,  and  finally  stops  the  engine  by  jamming 
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the  pistons.     These  engines  must  be  set  on  a  solid  fouo- 
datioQi  preferably  a  concrete  floor,  and  tbe  base  should  be 
bolted  to  the  floon     The/  must  also  be  perfectly  plumb, 
that  the  pistons,  which  are  very  heavy,  will  bear  equally  all 
around.     Care  must  be  taken  also  to  avoid  overheating  thu 
cylinders;  they  are  liable  to  crack  if  they  are  heated  too" 
hig^hly  or  unevenly*     These  engines  are  specially  adapted 
for  hi£fh-pressure  pumpinir  where  unskilled  labor  is  employe 
to  run  them, 

60*  QuUnbj^  Screw  Pump. — In  Fig*  26  is  shown  a 
rather  peculiar  but  highly  efficient  form  of  rotary  pump, 
which  type  is  characterized  by  the  absence  of  valves  in  the 
water  end*  The  particular  form  of  pump  illustrated  isi 
known  as  the  Quimby  screw  piiinpp  There  are  twoj 
shafts  a,  a  side  by  side  and  connected  by  the  gears  6,  ^. 
Each  shaft  carries  a  right-hand  and  a  left-hand  screw%  and, 
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the  right-hand  screw  of  one  shaft  meshes  with  the  left-hand 
screw  of  the  other  shaft.  The  water  coming  through  the 
suction  pipe  attached  at  c  flows  through  passages  in  the 
casing  to  the  outer  ends  of  the  screws*  and  is  drawn  toward 
the  center  by  the  revolving  screws,  from  whence  it  is  dis- 
charged through  d*  The  screws  closely  fit  the  pump  casing 
and  are  a  close  running  fit  on  each  other*  Since  the  screws  are 
right-handed  and  lefl-hauded  and  the  course  of  the  water  is 
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toward  the  center  from  the  ends  of  the  four  screws,  there  is 
no  end  thrust.  The  pump  may  be  driven  by  a  belt  placed 
on  the  pulley  e^  or  an  engine  or  an  electric  motor  may  be 
connected  directly  to  it. 

61.  Screw  pumps  for  house  service  are  usually  connected 
to  a  direct-connected  electric  motor  and  are  so  fitted  that 
they  operate  automatically.      The  manner  of  connecting  a 
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Quimby  pump  to  operate  automatically  is  shown  in  Fig.  27. 
The  pump  is  controlled  by  the  float  a  that  rises  and  falls 
with  the  level  of  water  in  the  tank.  When  water  in  the  tank 
is  low,  the  weighted  float  raises  the  weighted  chain  d  until 
the  disk  c  trips  the  lever  d,  thus  throwing  over  the  contact 
bar  e  of  an  automatic  switch  to  close  the  circuit  and  turn  the 
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electric  current  on  to  the  motor  /  that  operates  the  pump. 
As  the  tank  fills  with  water,  it  raises  the  float,  and  the  coun- 
terweight^ pulls  down  on  the  chain  until  the  disk  h  trips  the 
levers/ back  again,  thus  shutting  of!  the  current  and  stopping 
the  pump* 

62-  Electrically  driven  pumps,  particularly  those  of  the 
pluntjer  type,  should  be  provided  with  a  rheostat*  or  starting 
box,  to  turn  the  current  on  to  the  motor  slowly*  This  will 
start  the  pump  easily  and  develop  the  maximum  speed 
gradually.  Should  the  current  be  turned  on  full  at  once 
and  the  pump  thus  suddenly  started,  the  pounding  due  to 
instantly  starting  in  motion  a  large  column  of  water  might 
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injure  the  working  parts  of  the  pump.  Some  starting  boxes 
are  provided  with  attachments  to  automatically  cut  out  the 
motor  in  case  it  is  overloaded  or  underloaded. 

63.  8 team -P II in p  Control <^ — Steam  pumps  for  tank 
work  are  sometimes  controlled  automatically;  a  common 
method  of  control  is  shown  in  Fig.  28,  The  steam  pipe  a 
is  provided  with  a  regulating  valve  b  that  is  connected  by 
the  pipe  r  to  rhe  pump  discharge  pipe  d.  The  discharge 
pipe  is  fittedi  in  the  tank;  with  a  balanced  float  valve  t  that 
closes  when  the  tank  is  full  of  water,  thus  compressing 
water  in  the  pipe.     This  pressure  in  the  pump  discharge 
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pipe  is  transmitted  through  the  pipe  c  to  the  regulating 
valve,  which  it  closes,  thus  cutting  off  the  supply  of  steam 
and  stopping  the  pump.  When  the  water  level  in  the  tank 
is  lowered,  the  float  falls  with  it,  thus  opening  the  balanced 

valve  and  relieving  the  pressure 
on  the  regulating  valve,  which  is 
opened  immediately  by  a  spring 
and  starts  the  pump  again. 

64.  A  sectional  view  of  a  bal- 
anced float  valve  is  shown  in 
Fig.  29.  The  valve,  as  the  name 
implies,  is  balanced  and  closes 
with  the  pressure  of  water.  It  is 
provided  with  a  soft  disk  seat  a 
that  effects  a  perfect  seal  when 
the  valve  is  closed.  The  inlet 
port  of  valve  is  at  h  and  the  dis- 
charge outlet  at  c, 

65.  A  Ford  regrulatinic 
valve  is  shown  in  Fig.  30.  It  con- 
sists of  a  spring-actuated  steam 
valve  U  and  a  water  pistorf  V 
moving  in  a  little  cylinder  H^ under 
the  influence  of  the  water  pres- 
sure. By  properly  adjusting  the 
spring,  the  steam  valve  can  be 
made  to  close  when  the  water 
pressure  on  the  piston  V  exceeds 
a  certain  required  amount.  The 
regulating  valve  should  be  placed 
in  the  steam  supply  pipe  in  a  ver- 
tical position  between  the  steam 

chest  and  an  ordinary  throttle  valve.  The  oil  cup  should  be 
placed  so  as  to  allow  the  oil  to  pass  through  the  regulating 
valve.  The  pipe  connecting  the  pressure  tank  with  the  reg- 
ulating valve  should  be  provided  with  a  globe  valve  and  a 
union  next  to  the  valve,  in  order  that  the  cap  may  easily  be 
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removed  for  repacking  the  piston  P\     A  drip  pipe  should  be 

connected  with  the  bottom  of  the  cylinder  IV. 

66,  Fire-Pumps, — An  Underwriters*  steam -driven  fire- 
pump,  with  connections  that  are  self-explanatory,  is  shown  in 
Fig*  3L  This  pump  should  be  located  so  as  to  be  easily 
accessible  and  at  the  same  time  safe  from  damage  by  fire  or 
from  other  causes.  To  be  ready  for  instant  service,  a  steam 
pressure  of  at  least  50  pounds  should  at  all  times  be  main- 
tained on  the  steam  pipe  to  the  pump.     Wheo  the  lift  is  over 
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feet,  the  suction  should  be  provided  with  a  strainer,  foot- 
[^alve,  and  priming  pipe.     The  reservoir*  cistern,  or  tank 
rom  which  a  fire-pump  derives  its  supply  should  be  of  suf- 
ficient capacity  to  supply  water  for  at  least  1  hour  when  the 
pump  is  running  at  its  maximum  speed, 

67-  Wiiter  X^irts, — A  pump  that  is  operated  by  water 
pressure  is  often  called  a  water  lift.  Such  pumps  are  used 
principally  in  localities  where  the  city  water  is  extremely 
hard,  and  are  there  used  to  pump  cistern  water  to  the  various 
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of  buildings,  water  lifts  are  sometimes  used  to  increase  the 
pressure,  or  to  fill  a  house  tank  from  which  fixtures  on  the 
upper  floors  are  supplied,     A  type  of  water  lift  frequently 
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used  is  shown  connected  up  completely  in  Fi^.  32.  The  lift  a 
is  composed  of  two  cylinders  placed  in  line  with  each  other. 
The  upper  cylinder  contains  the  pumping  mechanism,  which 
takes  cistern  water  throujjh  the  suction  pipe  b  and  forces  it 
into  the  plumbing  system  through  the  discharge  pipe  c.  The 
lower  cylinder  of  a  contains  the  driving  mechanism,  or  motor, 
for  the  pump,  and  is  supplied  with  water  under  city  pressure 
through  the  branch  pipe  J  taken  from  the  main  service  pipe  fi 
the  waste  water  from  the  motor  goes  to  waste  through  the 
sewer  connection  A  A  pressure  regulator  is  located  at  / 
which  can  be  set  to  maintain  any  desired  pressure  in  the 
plumbing  system. 

The  lift  is  located  in  the  basement  or  cellar,  where  it 
should  be  securely  fastened  to  prevent  vibration.  The  dis- 
charge pipe  of  the  water  lift  should  be  fitted  with  a  large 
air  chamber,  which  may  take  the  form  of  a  compression  tank, 
as  j^  in  Fig,  32,  in  which  air  is  confined  and  compressed,  thus 
providing  an  elastic  force  to  distribute  water  when  a  faucet 
is  opened.  The  compression  tank  may  be  located  in  ^ny 
convenient  place  about  the  premises;  usually,  however,  it  is 
located  in  the  basement  or  cellar,  thus  relieving  the  upper 
floors  of  the  building  of  its  weight  and  removing  the  pos- 
sibility of  damage  to  walls  and  ceilings  from  leaky  seams  or 
a  sweating  tank.  In  place  of  a  compression  tank  in  the 
basement,  an  open  house  tank  is  sometimes  provided  in 
the  attic,  and  the  discharge  pipe  fitted  with  a  ball  cock  to 
shut  off  the  water  when  the  tank  is  full,  thus  stopping  the 
lift  from  operating.  The  lift  is  equivalent  to  a  check  valve 
that  prevents  the  increased  volume  of  water  due  to  ejcpan- 
sion  from  backing  into  the  cistern?  therefore,  a  safety  valve 
is  located  over  the  sink,  as  at  J,  and  no  stopcock  should  be 
placed  between  this  valve  and  the  kitchen  boiler* 
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IMPURITIES    IN    WATER 

1.  The  greater  part  of  the  water  consumed  in  cities  for 
driTiking  and  cooking  purposes,  although  falling  from  the 
clouds  quite  pure  in  the  form  of  rain,  becomes  contaminated 
on  its  way  to  the  reservoirs,  and  often  in  the  reservoirs 
themselves*  Not  only  does  the  pure  rain  water  absorb 
mineral  impurities  as  it  travels  down  the  hill  or  mountain 
sides,  but  it  often  becomes  highly  impregnated  with  mud, 
decayed  vegetation,  and  even  with  the  excrement  from 
sheep  and  cattle.  When  ihese  hijihland  streams  reach  the 
reservoir,  they  are  often  so  turbid  as  to  be  nearly  as  dark 
as  stale  ale.  Most  of  the  matter  held  in  suspension  settles 
on  the  bottom  of  the  reservoir,  and  the  water,  when  allowed 
to  stand,  ultimately  becomes  fairly  clear  before  it  enters  the 
main  pipe  lines*  A  reservoir  may,  howeveri  become  so 
turbid  after  a  heavy  shower  that  it  is  a  common  occurrence 
for  the  muddy  water  to  enter  the  street  mains  and  be  drawn 
Ironi  the  faucets:  hence  it  is  not  unreasonable  to  expect  water 
companies  to  build  large  filtering  beds  at  their  reservoirs, 
so  that  all  foreign  matter  held  in  suspension  by  the  water 
will  be  intercepted  at  the  filters  before  the  water  enters  the 
street  mains. 

S.     The  impurities  that  occur  in  ordinary  waters  are  of 
^^  two   kinds:     mechanical,   or   those   held   in    suspension   by 
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the  water,  and  chemical,  or  those  held  in  solution.  The 
mechanical  impurities  are  mud,  leaves,  vegetation,  fish,  frog 
spawn,  insects,  insects*  eggs,  etc.  The  chemical  impurities 
are  solutions  of  minerals,  putrescent  animal  matter,  albu- 
minous slimes,  etc.  The  leachings  from  privy  vaults  and 
drains  are  usually  the  most  harmful  poisons  that  get  into 
the  water  supply.  The  mechanical  impurities  are  far  less 
dangerous,  being  easily  seen  and  easily  removed. 

Nearly  all  mechanical  impurities  can  be  removed  by 
filtration  through  sand  or  other  suitable  material,  but  the 
danger  lies  mainly  in  the  matter  held  in  solution,  which 
is  invisible.  Mineral  poisons  can  be'  neutralized  by  the 
use  of  chemicals,  and  sometimes  by  heating  and  settling 
or  by  distillation.  The  organic  poisons  from  sewage,  etc. 
can  be  entirely  removed  only  by  distillation,  but  a  careful 
repeated  filtration  through  sand  and  bone  charcoal  will,  in 
most  cases,  improve  the  water  sufficiently  to  make  it  suit- 
able for  drinking  and  cooking  purposes.  Bone  charcoal  is 
often  employed  as  a  filtering  medium,  because  it  exerts  a 
chemical  action  on  the  organic  matter  in  the  water,  and 
renders  it  inert  or  harmless.  The  charcoal,  however,  grad- 
ually becomes  saturated  and  clogged  with  the  refuse,  and 
loses  its  value  as  a  purifying  agent.  Therefore,  it  must  be 
renewed  at  intervals. 

Rone  charcoal  is  hard  and  dense;  when  its  pores  become 
cloge:ed  with  refuse  it  can  be  restored  to  usefulness  only  by 
rcburnine:.  There  is  no  practicable  way  by  which  this  can 
be  (lone  on  a  small  scale.  Unless  the  air  is  carefully 
excluded  during  the  whole  process,  the  material  will  be 
consumed,  like  other  charcoal,  and  will  be  destroyed. 

Charcoal  that  is  made  from  wood  has  little  or  no  value 
for  the  purpose  of  effecting  satisfactory  filtration. 


AERATION     OF    WATER 

3.  Water  that  has  grown  stale  by  standing  may  be  greatly 
improved,  and  be  made  suitable  for  drinking  purposes,  by 
the  process  called  aeration,  provided  that  it  has  not  been 
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therwise  polluted.  Aeration  may  be  accompHshetl  in  sev- 
eral ways:  the  water  may  be  squirted  into  the  air  in  fine 
streams;  air  may  be  forced  through  the  water  in  fine  bubbles; 
or,  air  and  water  together  may  be  shaken  up  or  other  wise 
agitated.  The  object  to  be  obtained  in  every  case  is  to 
expose  the  water  to  the  action  of  the  air  to  the  jj^reatest 
practicable  extent. 

In  the  process  of  aeration j  the  water  absorbs  a  consider- 
able quantity  of  air  and  is  thereby  greatly  improved  in 
appearance  and  taste.  The  air  has  a  mild  oxidizing  effect, 
which  is  sufficient  to  deslrtiy  a  small  amount  of  vegetable 
matter  and  render  it  harmk:ss.  But  this  purifying  influence 
is  very  limited  in  e:ttent,  and  is  of  no  use  whatever  for 
removing  or  destroying  the  germs  of  putrefaction,  fermen- 
tation, and  disease  that  are  imparled  to  the  water  by  sewage 
or  house  drainage.  These  germs  can  be  killed  only  by  boil- 
ing, and  in  the  case  of  certain  disease  germs  even  boiling  is 
insufTicient;  they  can  be  cotnplctely  destroyed  only  by  fire. 

The  process  of  aeration  is  thus  adapted  only  to  the  pur- 
pose of  freshening  water  and  rendering  it  more  palatable, 
and  is  not  serviceable  fur  actual  purification* 

In  all  apparatus  designed  to  aerate  water,  care  must  be 
taken  to  thoroughly  exclude  all  dust  from  the  air,  because 
dust  is  very  apt  to  carry  with  it  many  kinds  of  germs  which 
give  rise  to  putrefaction  and  disease.  Dust  must  be  kept 
out  of  food  and  drinking  water. 

4.  In  a!l  varieties  of  filters,  the  velocity  of  the  water 
passing  through  them  should  be  low  enough  to  permit  the 
finest  sediment  to  be  deposited  on  the  surface  of  the  beds 
of  filtering  materiaL  Otherwise,  in  treating  muddy  water, 
it  will  retain  a  muddy  ct4or. 
i  The  velocity  of  the  water  passing  through  a  filter  bed  of 
bone  charcoal  should  be  low»  so  that  the  water  may  be  in 
contact  with  the  charcoal  as  long  as  possible,  the  chemical 
changes  in  the  impurities  thereby  being  made  more  complete. 
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The  beds  of  filtering  material  gradually  become  clogged  by 
the  accumulation  of  refuse  on  the  surface  of  the  bed  and 
on  the  grains  of  sand  or  charcoal;  the  flow  of  water  is 
thereby  checked  and  the  usefulness  of  the  apparatus  is 
greatly  impaired.  This  can  be  remedied  by  reversing  the 
direction  of  the  flow  of  water  at  suitable  intervals  of  time. 
The  accumulations  can  thus  be  washed  away  and  be  run  to 
waste,  and  the  filter  can  be  operated  almost  continuously. 

A  filter  in  which  the  flow  of  water  cannot  thus  be  reversed 
should  not  be  employed,  because  the  care  and  trouble  that 
will  be  required  to  keep  it  in  good  worlung  order  will  be  so 
great  as  to  lead  almost  certainly  to  neglect.  A  filter  that  is 
neglected  is  likely  to  become  foul,  and  thus  give  rise  to  the 
very  danger  that  it  was  intended  to  prevent. 

There  are  so-called  filters  that  are  made  to  screw  on  the 
nozzle  of  an  ordinary  faucet.  They  consist  of  a  cup  having 
a  filling  of  bone  charcoal  or  other  filtering  material,  and  they 
operate  only  as  strainers,  to  hold  back  the  insoluble  impuri- 
ties that  are  carried  by  the  water.  They  do  not  purify  the 
water  except  in  a  mechanical  way.  The  bone  charcoal  has 
no  purifying  effect  on  it,  because  it  passes  through  far  too 
rapidly  for  any  chemical  effect  to  take  place. 

Filters  should  be  kept  full  of  water.  They  should  not  be 
allowed  to  become  dry,  nor  be  exposed  alternately  to  water 
and  to  air.  Alternate  wetting  and  drying  of  putrescible  mat- 
ter greatly  hastens  putrefaction  and  increases  the  growth  of 
disease  germs,  etc.  A  filter  that  is  thus  operated  is  liable  to 
become  a  source  of  poison  instead  of  a  protection  against  it. 

In  cities  and  towns  having  a  water  supply  that  is  liable  to 
become  muddy  at  times,  dwellings  should  be  supplied  with 
a  filter,  located  in  the  basement.  All  the  water  that  enters 
the  house  should  pass  through  the  filter.  This  will  prevent 
the  kitchen  boiler  from  filling  with  mud,  and  will  insure  clean 
water  throughout  the  building. 


Fm.  1 

of  the  chamber  A  is  provided  with  a  low  place  or  pocket  d  in 
which  sediment  may  gather,  and  from  which  it  may  be 
removed  by  the  garden  pump  or  other  convenient  means. 
The  chamber  B  is  fitted  with  a  perforated  bottom  if,  on 
which  is  placed  a  course  of  jjraveU  and  then  clean  sand, 
nearly  up  to  the  level  of  the  discharge  pipe  /*     It  is  topped 
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with  gravel.  The  rain  water  enters  the  chamber  A  through 
the  pipes  c,  c  and  deposits  any  solids  that  may  accompany  it 
in  the  pocket,  as  shown  at  d.  It  then  flows  upwards 
through  the  sand  in  the  chamber  B,  which  clarifies  it.  The 
chamber  A  is  also  provided  with  an  overflow  pipe  e^  so  that 
if  the  filter  becomes  choked  with  dirt  the  water  will  not 
acquire  sufficient  head  to  force  the  dirt  through  the  filter;  it 
also  acts  as  an  overflow  for  the  cistern  into  which  /  delivers. 

6.  Size  of  Filter  Bed. — In  slow  sand  flltratiou,  the 

movement  of  the  water  is  downwards  through  a  bed  of  sand 
and  gravel  to  a  system  of  underdrains  beneath  the  filter  bed. 
The  application  of  water  to  the  filter  is  continuous,  maintain- 
ing a  permanent  water  level,  and  the  rate  of  filtration  should 
be  automatically  regulated  to  that  giving  the  highest  purifying 
efficiency,  as* found  by  experimenting  with  the  water  to  be 
purified.  With  comparatively  clear  lake  water,  the  rate  of 
filtration  for  *24  hours  is  sometimes  as  high  as  7,000,000 
gallons  per  acre  of  filter  surface,  or  1,446  gallons  per  square 
yard,  while  with  turbid  water  the  rate  of  filtration  for  24  hours 
rarely  exceeds  2,000,000  gallons  per  acre,  or  413  gallons  per 
square  yard,  and  averages  about  1,600,000  gallons  per  acre, 
or  330  gallons  per  square  yard,  of  filter  surface. 

ExAMPLK. — A  sanitarium  is  supplied  with  water  from  a  reservoir 
constructed  especially  for  its  own  use.  The  maximum  volume  of  water 
that  will  be  used  in  24  hours  is  50,000  gallons.  How  many  square  yards 
of  filter-bed  area  are  required  if  the  raw  water  is  turbid? 

Solution. — If  the  water  is  turbid,  1  square  yard  of  filter-bed  area 
will  pass  an  average  of  330  gallons  in  24  hours.     Therefore;  the  area 

required  is  '    ',7^     =  151.5  sq.  yd.     Ans. 

7.  Cleaning?  the  IKhI. — Slow  sand  filtration  is  simply 
a  straining  process  in  which  suspended  or  insoluble  matter 
in  the  unfiltcred  or  raw  water  is  largely  or  entirely  removed, 
while  hardness,  organic  matter,  and  color  are  only  slightly 
removed. 

The  efficiency  of  a  filter  depends  largely  on  the  fineness  of 
the  filtering  medium.  When  the  sand  in  the  bed  of  a  filter  is 
supplemented  by  a  fine  layer  of  sediment  on  the  surface  of 
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the  sand,  the  efficiency  of  the  filter  is  increased  and  continues 
to  increase  with  the  growth  in  thickness  of  the  sediment 
layer  until  it  becomes  too  thick  and  hne  for  sufficient  water 
to  pass  through.  When  the  surface  clogging  reaches  such 
a  stage,  the  water  must  be  drawn  off  from  the  filter  and  the 
sediment  and  top  layer  of  sand  removed  by  scraping  for  a 
depth  of  about  1  inch* 

The  length  of  time  required  for  a  sediment  layer  to 
become  so  thick  as  to  require  cleaning  depends  on  the  kind 
of  water  to  be  purified  and  the  rate  of  filtration.  Thus^  with 
excessively  turbid  water  the  filter  beds  will  probably  require 
cleaning  once  each  week,  while  with  comparatively  clear 
water  the  periods  between  scrapings  might  exceed  60  days. 
It  has  been  found  in  practice  that  for  average  waters  the 
average  length  of  time  between  scrapings  is  about  20  days. 


8*     General  ConHtructlou, — In  order  to  provide  for  an 

uninterrupted  supply  of  pure  water  while  a  filter  bed  is 
being  scraped  or  the  filter  is  being  repaired,  two  or  more 
filters  are  usually  provided,  each  of  which  has  a  capacity 
sufficient  to  supply  the  daily  consumption  of  water.  When 
the  raw  water  is  extremely  muddy,  or  holds  large  quantities 
of  matter  in  suspension,  three  or  more  filters  should  be 
provided. 

When  slow  sand  filters  are  constructed  in  wet  land,  the 
site  should  be  provided  with  a  system  of  subsoil  drains  to 
prevent  the  ground  water  from  rising  to  and  mixing  with  the 
pure  water  in  the  filter  underdrains.  Also,  the  sides  and 
walls  of  the  filter  should  be  well  i^ucldled  with  clay,  that  is, 
lined  with  clay  in  the  form  of  a  thick  paste,  or  otherwise 
made  water-tight.  If  the  ground  water  from  the  subsoil 
drains  cannot  be  discharged  by  gravity,  it  may  be  gathered 
in  a  sump  and  discharged  by  mechanical  means  into  the 
nearest  watercourse  or  sewer. 

Filters  are  made  water-tight  in  various  ways.  The  simplest 
method  employed  is  to  puddle  the  bottom  and  sides  of  the 
filter  with  clay.  In  some  cases,  the  bottom  and  sides  of 
a  filter  are  paved  with  stones  or  bricks  on  top  of  the  clay, 
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and  in  most  cases  the  sloping  sides  are  paved  to  protect 
them  from  the  abrasion  of  ice.  In  all  puddled  or  paved 
filters,  the  sides  are  sloped  from  2  to  3  feet  on  the  homonta] 
run  to  each  foot  in  height. 

The  best  type  of  open  filters  have  the  bottom  and  sides 
constructed  of  concrete  or  masonry.  The  walls  are  carried 
up  vertically,  with  a  ledge,  4  inches  wide  and  a  httle  above 
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the  gfravel,  for  the  sand  to  rest  on  and  form  a  closer  joint 
than  it  would  with  the  vertical  w^alls* 

The  shape  of  a  filter  depends  on  local  conditions;  the 
usual  shape  is  rectang^ular,  althougfh  no  good  reason  can  be 
given  why  a  filler  should  not  be  made  any  other  shape.  The 
depth  averages  about  10  feet,  proportioned  as  follows^ 
6  inches  for  underdrains,  1  foot  for  depth  of  gravel,  4  feet 
for  maximum  depth  of  sand,  and  4  feet  6  inches  for  depth 
af  water. 
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9.  llndei'cl rains. — The  underdrains  are  a  series  of  agri- 
cullurat  or  fields  tile  pipes  that  are  placed  on  the  bottom  of 
the  filter  to  collect  the  water  that  filters  through  the  filter 
bed*  These  drains  have  open  joints  and  may  be  perforated* 
The  trunk  line  of  the  main  drains  connects  to  the  discharge 
pipe  from  the  filter. 

There  are  two  principal  systems  of  nnderdrains  used  with 
slow  sand  filters.  The  first  system,  which  is  shown  in  Fig*  2, 
consists  of  a  maio  tnink  line  or  pure-water  collector  a^  into 
which  is  connected  a  system  of  branch  drains  ^,  ^*  A.  spaced 
about  30  feet  apart  in  large  filters  occupying  1  acre  or  more  in 
space,  and  from  5  to  10  feet  apart  for  small  filters ^  such  as 
the  plumber  or  sanitary  engineer  frequently  has  to  build- 
Each  drain  is  extended  to  within  about  4  feat  of  the  filter 
'all,  the  end  being  closed  with  a  stone.     If  the  pipes  are  not 

rf orated,  the  jofnts 
between  the  pipes  must 
be  left  open  for  the  en- 
trance of  the  filtered 
water.  The  spaces  be- 
tween the  drains  are 
filled   with  broken 

stones,  as  shown  in  Fig,  2,  to  provide  an  easy  passage  for 
the  filtered  water,  which  flows  downwards  through  the  sand 
bedt  as  shown  by  the  arrows.  In  a  system  of  this  descrip- 
tion, the  pipes  should  be  large  enough  to  carry  off  easily  the 
greatest  amount  of  water  that  is  filtered.  The  branch  lines 
for  small  filters  may  be  of  4-inch  pipe,  and  the  trunk  lines 
of  6-inch  or  S-inch  pipe.  For  large  filters,  the  branch  under- 
drains  may  be  of  6-inch  or  8-inch  pipe,  and  the  collector  of 
twice  the  area  of  the  discharge  pipe, 

10,  The  second  system  of  underdrains,  shown  in  Fig.  3, 
consists  of  a  flooring  of  hollow  perforated  tile  covering  the 
entire  filter  bottom.  These  drains  are  laid  with  slightly  open 
joints,  and  the  gravel  layer  is  placed  on  top  of  the  tile,  the 
perforations  being  small  enough  to  prevent  the  gravel  fall- 
ing   through    into    the   underdrains.     With    this   system    ot 
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underdrains,  the  tile  collectors  are  generally  extended  to  the 
walls  of  the  filter.  A  better  method,  however,  is  to  end  the 
drains  a  few  feet  from  the  walls  and  fill  the  space  with  sand, 
so  that  water  passing  down  the  inner  surface  of  the  walls  of 
the  filter  will  have  a  slight  lateral  movement  through  the  sand 
from  the  filter  walls  to  the  underdrains.  This  precaution  will 
insure  a  purification  of  any  raw  water  that  might  pass  through 
cracks  or  joints  in  the  filter  walls,  or  through  imperfect  con- 
tact between  the  walls  of  the  filter  and  the  filter  bed,  or 
through  any  other  imperfections  or  defects  that  might 
develop   around   the   walls   of   the   filter. 

1 1 .  Details  of  Filter  Bed. — The  bed  of  a  slow  sand  filter 
suitable  for  general  purification  purposes  is  shown  at  the  left 
in  Fig.  2.  It  consists  of  a  layer  of  fine  sand  about  4  feet  thick 
supported  by  a  bed  of  gravel  about  1  foot  thick  and  resting  on 
the  underdrains.  The  largest  gravel  stones  are  placed  on  the 
bottom  and  smaller  sizes  are  placed  on  the  first  layer,  the  last 
layer  on  top  being  of  very  fine  gravel.  A  bed  of  sand  4  feet 
thick  is  not  necessary  for  perfect  filtration,  but  the  thickness  of 
the  bed  gives  stability  to  the  filter  and  reduces  the  possibility 
of  raw  water  breaking  through  to  the  underdrains.  It  also 
allows  of  repeated  scrapings  of  the  bed,  for  cleaning  purposes, 
without  replacing  any  sand.  When  the  sand  has  been  reduced 
by  repeated  scrapings  to  12  inches  in  thickness,  the  water 
should  be  drawn  off  from  the  filters,  an  extra  deep  layer  of 
sand  removed,  and  the  sand  that  has  previously  been  removed 
should  be  washed  and  returned  to  the  bed.  The  filter  should 
then  be  filled  by  allowing  water  to  rise  from  the  underdrains 
until  it  covers  the  surface  of  the  sand  about  6  inches,  after 
which  raw  water  can  be  admitted  through  the  inlet. 

The  coarse  gfravel  at  the  bottom  of  a  filter  bed  has  no 
effect  in  the  process  of  purifying  the  water,  but  acts  only  as 
a  porous  stratum  through  which  the  pure  water  passes  to  the 
underdrains.  The  graduated  sizes  of  gravel  or  sand  that  are 
interlaid  between  the  coarse  gravel  and  the  fine  sand  bed  on 
top  are  used  only  to  prevent  the  fine  filter  sand  from  washing 
down  and  clogging  the  gravel  bed. 
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12.  The  size  of  sand  used  for  filter  beds  varies  from  the 
finest  obtainable  to  the  coarsest  kind.  The  sand  must  all  be 
sifted,  and  deposited  in  consecutive  layers,  the  coarsest 
at  the  bottom  and  the  finest  at  the  top,  because  the  filtration 
is  downwards.  The  practical  objection  to  the  use  o£  very 
fine  sand  is  that  it  clog^s  much  quicker  than  coarse  sand, 
and  requires  more  frequent  scrapings.  The  coarse  sand,  on 
the  other  hand,  allows  the  sediment  to  penetrate  deeper, 
and  the  extra  sand  that  must  be  removed  in  scraping  will 
offset  the  more  frequent  cleanings  of  the  fine  sand.  In 
practice*  for  average  waters,  a  sand  Vir  inch  in  diameter  has 
been  found  to  give  the  best  general  results.  For  compara- 
tively clear  lake  or  reservoir  water,  a  fine  sand  of  about 
T+5  inch  in  diameter  can  be  used,  while  a  coarse  sand  of  about 
Vr  inch  in  diameter  will  probably  be  found  best  for  turbid 
river  waters* 

Filter  sand  should  be  free  from  clay,  loam,  vegetable 
matter^  or  lime.  Clay  or  loam  will  cement  the  grains  of 
sand  together  and  cause  subsurface  clogging  of  the  filter. 
Vegetable  matter  will  contaminate  the  bed,  and  lime  sand 
in  sufficient  quantities  will  harden  the  water.  Vegetable 
matter,  loam,  and  clay  can  be  removed  by  washing,  and,  if 
sand  perfectly  free  from  all  impurities  cannot  be  procured 
from  a  sand  bank  or  river  bed,  it  should  be  washed  before 

P  being  used.  If  the  amount  of  lime  in  the  sand  is  not 
excessive,  it  may  be  used,  as  the  degree  of  hardness  will 
decrease  with  age,  but  if  pure  soft  water  is  wanted,  sand 
containing  lime  should  be  rejected. 

13.  A  simple  test  for  lime  in  sand  is  to  wet  the  sand 
with  hydrochloric  acid;  if  it  gives  off  a  gas  it  indicates  the 
presence  of  lime,  the  amount  of  which  can  be  judged  by  the 

^K  quantity  of  gas  given  off  and  the  appearance  of  the  samples 
^m  ^fter  the  test. 

14.  To  insure  a  uniform  rate  of  filtration  throughout  the 
filter  bed,  it  is  necessary  to  so  deposit  the  sand  that  it  will 
have  a  uniform  density  and  depth.  This  cannot  be  done  by 
laying  it  in  thin  layers,  or  in  one  layer  spread  over  the  entire 
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surface  of  the  filter  bed.  The  best  way  to  deposit  the  sand 
is  in  two  or  three  layers,  the  full  width  of  the  filter,  each  layer 
being  laid  continuously  across  the  filter  the  full  thickness  of 
its  bed.  Planks  should  be  placed  for  the  workmen  to  walk 
on,  and  the  surface  of  the  sand  should  be  well  raked  when 
the  planks  are  removed. 

15.  Care  should  be  taken  in  placing  the  gravel  around 
the  underdrains  to  bury  the  lateral  drains  under  at  least 
6  inches  of  gravel,  and  fill  the  space  between  the  drains  to  the 
same  depth.  The  gravel  should  stop  about  3  or  4  feet  from 
the  side  walls,  and  the  space  should  be  filled  with  sand  to 
compel  the  water  from  around  the  walls  of  the  filter  to  flow 
through  sand  to  the  underdrains.  T*he  gravel  should  be  well 
packed  down  and  settled  before  the  sand  is  placed,  to  prevent 
disturbing  the  sediment  layer  on  top  of  the  fine  sand  by  a 
subsequent  settlement  of  the  gravel. 

The  part  of  a  filter  most  likely  to  afford  a  passage  for 
unfiltered  water  is  in  or  around  the  vertical  walls.  To  guard 
against  this  many  expedients  are  resorted  to  in  order  to  insure 
filtration  of  the  water  that  passes  at  such  points.  Stepping 
the  walls  and  stopping  the  underdrains  3  or  4  feet  from  the 
filter  walls  have  already  been  mentioned.  Other  precautions 
that  are  found  effective  are  sanding  the  walls  or  washing 
them  with  a  coat  of  Portland  cement.  It  is  not  good  prac- 
tice to  plaster  stone  or  brick  walls  with  cement  below  the 
water-line,  as  cement  sometimes  adheres  in  spots  only,  and 
water  entering  to  the  back  of  the  plaster  through  a  crack  can 
then  work  its  way  unfiltered  to  the  bottom  of  the  filter  bed. 

Brick  or  stone  walls  or  piers  are  not  as  suitable  as  concrete 
for  the  construction  of  filters  below  the  water  level.  There 
is  seldom  a  good  joint  between  the  mortar  used  and  the  brick 
or  stone,  and  unfiltered  water  entering  a  joint  can  follow 
down  to  the  bottom  of  the  filter  and  thence  to  the  under- 
drains.    The  walls  preferably  should  be  of  solid  concrete. 

1(>.  Raw-Water  Iiilots. — Inlets  for  the  admission  of 
raw  water  to  slow  sand  filters  are  made  to  operate  both  auto- 
matically and  by  hand.     A  simple  form  of  inlet  is  shown  in 
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Fig.  4.  It  consists  of  a  90°  bend  a  that  turns  into  a  masonry 
chamber  b  on  the  inside  of  the  filter  c.  This  is  a  hand-oper- 
ated inlet.  The  rate  of  flow  to  the  filter  is  controlled  by 
partly  closing  or  opening  the  valve  d.  By  paving  the  sur- 
face of  the  filter  bed  around  the  inlet  chamber  with  brick, 
as  shown  at  e^  it  is  protected  from  being  washed  away.  This 
form  of  inlet  requires  constant  attention  to  prevent  a  fluctu- 
ating water  level  in  the  filter,  which  will  cause  a  correspond- 
ing variation  in  the  rate  of  filtration. 

17.  To  prevent  fluctuations  in  the  filter  water  level, 
automatically  regulated  inlets  may  be  used.  Fig.  6  shows  a 
simple  form  of  automatic  inlet  regulator.  It  consists  of 
a  vertical  cylinder  a  attached  to  the  inlet  pipe  b,  A  vertical 
rod  c  to  which  two  disks  </,  e  and  a  float  /  are  attached,  passes 
through  the  cylinder.  The  rod  c  is  held  in  position  by  the 
guides  g,^.  When  the  water  in  the  filter  reaches  the  high- 
water  level,  the  float  raises  the  two  disks  against  the 
seats  h,  i,  thus  shutting  off  the  water.  When  the  water  in 
the  filter  is  lowered,  the  float  descends,  thus  opening  the 
valve  for  the  admission  of  raw  water.  In  this  manner,  an 
almost  constant  water  level  is  maintained,  the  fluctuations 
rarely  exceeding  6  inches  vertically. 

18.  Filling  a  Filter.— When  filling  a  filter  after  the 
beds  have  been  scraped,  the  water  should  at  first  be  admitted 
through  the  underdrains  until  the  sand  is  covered  to  a  depth 
of  at  least  6  inches,  and  then  water  may  be  admitted  through 
the  raw-water  inlet.  This  practice  prevents  the  disturbing 
of  the  sand  that  occurs  when  an  empty  filter  is  filled  entirely 
through  the  raw-water  inlet.  The  supply  to  the  underdrains 
is  taken,  when  filling  the  filter,  from  the  -filtered-water 
storage  tank  by  a  pump  that  is  usually  electrically  driven. 
If  there  arc  two  or  more  filters,  a  by-pass  valve  on  a  pipe 
connecting  the  underdrains  may  be  opened,  when  the  filtered 
water  from  one  filter  will  rise  through  the  bed  of  the  other 
filter;  the  installation  of  a  pump  is  thus  avoided. 

19.  Con t roll! lip:  tlie  Filtration  Rate. — The  rate  of 
filtration  in   slow  sand   filters   is  regulated  in  three  ways. 
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Id  the  first  method,  the  rate  of  filtration  depends  on  the  rate 
of  consumption.  The  pure-water  reservoir  is  built  on  a 
level  With  the  filter  and  the  water  in  the  two  compartments 
is  practical iy  on  the  same  level.  Wlien  the  consumption  of 
water  is  light,  the  rate  of  filtration  is  low.  When  the  con- 
sumption of  water  is  excessive »  as  may  be  the  case  during 
certain  hours  of  the  day,  the  rate  of  filtration  is  correspond- 
in  jgly  increased,  and  the  water  that  has  passed  through  the 
filter  is  then  liable  to  be  quite  impure. 

20p  The  second  method  of  control,  the  principle  of  which 
is  shown  in  Fig,  6»  involves  operation  by  hand,  and  is 
entirely  independent  of  the  rate  of  consumption.  Pure  water 
enters  the  effluent  chnmber  a  from  the  filter  d  through  the 
uoderdrain  c.     The  term  efBuent,  often  tised  in  hydraulic 


eniritt^^rio^j  means  an  outflow  of  liquid,  as  water.  When 
the  sand  bed  is  clean  and  the  water  passes  through  with  but 
slij^ht  resistance!  the  weir,  or  gate,  ff  is  raised  to  decrease  the 
head  e  that  forces  the  water  through  the  sand*  As  the 
surface  of  the  filter  bed  becomes  clogged  with  sediment,  a 
greater  head  is  necessary  to  force  the  required  amount  of 
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water  through,  and  the  weir  is  consequently  lowered.  When 
the  weir  has  been  lowered  to  such  a  level  that  the  head,  or 
the  difference  between  the  level  of  the  water  in  the  filter 
and  the  level  of  the  water  in  the  effluent  chamber  is  6  feet, 
the  filter  must  be  emptied  and  the  filter  bed  cleaned.  Any 
further  loss  of  head  is  liable  to  cause  a  break  in  the  sand  and 
allow  unfiltered  water  to  pass  through  to  the  underdrains. 
The  filtered  water  that  passes  over  the  weir  from  the  effluent 
chamber  is  collected  in  the  pure-water  reservoir  /,  which  is 
located  at  a  lower  level  than  the  filter.  A  crank  operating 
^  rack  and  pinion  serves  to  raise  and  lower  the  weir;  a 
ratchet  wheel  g  and  dog  //  locks  it  in  place. 

21,  In  the  third  method,  the  rate  of  filtration  is  regulated 
automatically  and  independently  of  the  rate  of  consumption, 
as  shown  in  Fig.  7.  The  float  a  is  attached  to  a  telescopic 
cylinder,  or  joint,  b,  which  moves  up  and  down  over  the  pipe  c 
as  the  water  in  the  effluent  chamber  d  fluctuates.  The  tele- 
scopic joint  is  open  near  the  top  to  serve  as  an  outlet  for  the 


Fig.  7 


water.  When  the  filter  bed  is  new  and  the  rate  of  filtration 
rapid,  the  telescopic  joint  and  float  are  automatically  raised 
by  the  water  that  rises  in  the  effluent  chamber.  As  the  sur- 
face of  the  filter  bed  becomes  clogged,  the  float  and  outlet 
are  automatically  lowered  by  the  fall  of  water  in  the  effluent 
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chaniber,  but,  as  the  outlet  openings  in  the  side  of  ^  are 
maiiiiaiQed  at  a  fixed  distance  below  the  float*  a  unifonn  rate 
of  Bttration  is  maintained*  The  rate  can  be  increased  by 
weighting  the  float  so  as  to  lower  the  outlet  openings,  and 
conversely  the  rate  can  be  decreased  by  attaching  a  counter* 
weight  e  to  the  chain  to  raise  the  outlet.  In  the  latter  case, 
the  counterweight  may  be  used  as  a  gauge  to  register  the 
loss  of  head  by  attaching  the  scale  /  and  an  indicator  arm, 
^Mms  shown. 

^B  22.  Coverliif^  of  Filters. — When  open  filters  are  used 
^in  cold  cli mates,  ice  forms  over  the  entire  surface  of  the 
water,  and,  if  there  are  but  two  filters  that  operate  alter- 
nately, ice  must  be  removed  from  one  and  the  bed  scraped 
while  the  other  filter  is  supplying  water.  The  scraping  of  filter 
beds  in  free^^aing  weather  is  generally  followed  by  decreased 
eflficiency  in  the  filter,  and  to  obviate  such  evil,  as  well  as  to 
avoid  the  expense  of  removing  Ice,  enough  filter  beds  are 
sometimes  supplied  to  tide  over  periods  of  excessively  cold 
weather  without  scraping  the  filter  beds, 

23*  Most  of  the  slow  sand  filters  are  built  without  pro- 
tection from  the  weather,  and  while  this  practice  is  generally 
safe  in  warm  climates  where  ice  does  not  form  on  the  surface 
of  the  w^ater  during  winter,  there  are  certain  conditions  under 
which  covered  filters  are  advisable  even  in  warm  climates. 
When  the  supply  is  derived  from  ground  water  or  from  other 
sources  that  contain  much  mineral  matter,  the  water  should 
be  filtered  and  stored  in  the  dark  to  prevent  the  development 
of  objectionable  water  vegetation,  known  as  Al^ari^,  that 
rapidly  clogs  the  surface  of  the  filters  and  also  imparts  a  dis- 
agreeable taste  and  odor  to  the  water.  So  rapidly  does 
vegetation  develop  in  some  ground  waters  that  the  periods 
between  scrapings  of  filter  beds  are  thereby  reduced  by  one- 
half,  and  so  thick  and  matted  are  some  of  the  growths  that 
they  can  be  rolled  up  like  a  carpet. 

^m  24.  In  elimates  where  the  temperature  remains  below 
^Mhe  freezing  point  for  long  period s»  and  a  thick  layer  of  ice 
forms  on  all  exposed  waters,  it  is  advisably  to  cover  filters^ 
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both  for  hygienic  and  economical  reasons.  The  formation 
of  ice  on  the  surface  of  water  in  a  filter  does  not  of  itself 
affect  the  purity  of  the  effluent;  but  by  injuring  the  walls  or 
scraping  the  sediment  layer  of  the  filter  bed  it  might  be  the 
cause  of  raw  water  passing  through  to  the  imderdrains  with- 
out adequate  purification.  Also,  the  efficiency  of  open  filters 
is  greatly  reduced  for  a  short  period  after  scraping,  owing 
to  raw  water  passing  through  cracks  in  filter  beds  due  to 
freezing  of  the  sand. 

25.  Filters  may  be  covered  with  arches  of  masonry  or 
wooden  roofs,  according  to  the  requirements  in  each  partic- 
ular case.  In  warm  climates,  where  a  roof  is  used  only  to 
darken  the  reservoir  and  prevent  the  growth  of  Algae,  a 
wooden  construction  will  be  quite  suitable,  but  in  cold 
climates  where  the  object  of  filter  covers  is  chiefly  to  pre- 
vent the  formation  of  ice  on  the  water,  the  coyer  should  be 
made  of  masonry  and  the  top  covered  with  several  feet  of 
earth.  Arches,  either  domed  or  elliptical  in  shape,  and  built 
of  brick,  hollow  tile,  or  cement  concrete,  are  generally  used. 
The  cost  of  constructing  covered  filters  of  masonry  average 
about  50  per  cent,  more  than  the  cost  of  constructing  open 
filters  under  similar  conditions.  However,  the  saving  in  the 
cost  of  operating  covered  filters  in  cold  climates  will  more 
than  offset  the  extra  first  cost,  and  they  are  preferable  for 
all  localities  where  the  mean  January  temperature  is  below 
30^  F.  In  any  case,  the  valves  and  all  operating  parts  must 
be  housed  in  for  protection. 

26.  SettliiipT  Basins. — When  a  water  supply  is  obtained 
from  a  river  that  carries  a  large  amount  of  clay  or  loam  in 
suspension,  settling  basins  are  usually  provided  to  affect  a 
partial  clarification,  that  is,  the  clearing  of  the  water,  by 
allowing  it  to  stand  until  part  of  the  suspended  matter  has 
settled  to  the  bottom.  Twenty-four  hours  has  been  found  a 
sufficient  period  of  time  to  allow  for  sedimentation,  that 
is,  settlement.  Most  of  the  particles  that  settle  at  all 
will  do  so  in  that  time;  a  longer  storage  might  allow  the 
growth    of  Algae    and    in    other  ways   cause    the  water   to 
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deteriorate  rather  than  improve  in  qaality.  Three  settling 
basins  are  generally  built,  each  with  a  storage  capacity 
for  24 -hours'  supply  of  water.  One  of  the  settling  basins 
can  th^n  be  filled  while  the  suspended  matter  in  another 
is  settling,  and  water  from  the  third  is  being  delivered  to 
the  lilter  beds. 

When  the  river  from  which  water  is  obtained  is  so  affected 
by  tides  or  other  causes  that  at  certain  hours  of  the  day  the 
raw  water  is  better  than  doring  other  hours,  openings  to 
the  settliog  basins  should  be  made  sufficiently  large  so  that 
the  entire  daily  supply  can  be  admitted  during  the  short 
period  of  lime  when  the  water  is  at  its  best.  The  openings 
to  the  settling  basins  should  be  protected  by  suitable  gra- 
tings to  prevent  the  entrance  of  large  floating  objects  from 
the  river. 

The  proportion  of  suspended  matter  removed  in  24  hours 
by  sedimentation  averages  about  60  per  cent,  ol  the  parti> 
cles  held  in  suspension.  The  heavier  particles  are  drawn  to 
the  bottom  by  the  force  of  gravityj  and  in  settling  they  carry 
with  them  such  light  particles  as  they  come  in  contact 
with,  thus  affecting  a  further  clari^cation  of  the  water. 

The  frequency  of  cleaning  settling  basins  depends  on  the 
amount  of  water  used,  the  proportion  of  suspended  matter, 
and  the  depth  of  mud  provided  for  in  the  settling  basin. 
Where  muddy  water  is  to  be  treated,  usually  a  depth  of 
4  feet  is  allowed  for  the  deposit  of  mud;  when  that  limit  is 
reached  the  water  is  drawn  off  and  the  settling  basin  cleaned. 
The  mud  is  removed  in  barrows  or  buckets  and  the  sides 
and  bottom  of  the  basin  are  washed  with  water  from  a  hose 
attached  to  hydrants  placed  around  the  sides  of  the  basins  for 
that  purpose.  The  mod  and  water  from  the  washings  are 
carried  out  through  a  mud-valve  toward  which  the  bottom  of 
the  basin  slopes, 

27.  Piire*Water  Hcsorvoirs- — At  all  filtration  plants 
pure-water  reservoirs  should  be  provided  to  store  a  supply 
of  water  to  compensate  for  the  hourly  fluctuations  due  to  an 
irregular  consumption. 


20  WATER  FILTRATION  §160 

Filtered  water  deteriorates  with  storage;  therefore,  it  is 
desirable  to  deliver  it  to  the  consumer  as  soon  as  possible. 
To  insure  a  quick  delivery  to  the  distributing  mains,  pure- 
water  reservoirs  should  not  exceed  in  capacity  25  per  cent, 
of  the  daily  water  consumption.  It  is  also  advisable  to  build 
pure  water  reservoirs  in  the  form  of  long  narrow  passages 
having  the  inlet  at  one  end  and  the  outlet  at  the  other  end, 
so  that  the  water  that  enters  the  reservoir  first  will  be  deliv- 
ered first  to  the  mains. 

Filtered  water  should  be  protected  from  contamination 
while  in  storage,  by  covering  the  reservoir  to  exclude  dust, 
light,  and  insects;  and  the  roof  of  the  reservoir  should  be 
plentifully  supplied  with  ventilators  to  permit  the  passage  of 
air  to  suit  the  hourly  fluctuations  of  the  water  level. 

28.  Example  of  a  Slow  Sand  Filter. — In  Fig.  8  is 
shown  a  plan  and  four  sectional  views  of  a  slow  sand 
filter  suitable  for  a  sanitarium,  large  hotel,  private  estate, 
or  other  such  property.  The  structure  is  composed  sub- 
stantially of  a  square  tank  partly  sunk  in  the  ground.  There 
are  four  compartments  inside  the  square,  as  may  be  seen 
in  the  plan  view:  one  is  a  settling  tank;  two  of  them  are 
filters;  and  the  fourth  is  a  pure-water  reservoir.  The  walls 
may  be  of  concrete,  or  of  masonry  built  in  Portland  cement 
with  solid  joints.  The  illustration  shows  stone  walls  built 
on  a  solid  concrete  foundation  and  bottom.  The  partition 
walls  are  also  of  stone,  all  the  walls  being  about  2  feet  thick. 
The  bottom  concrete  is  about  8  inches  thick.  This  may 
be  made  of  o^ood  broken  stone,  clean  sharp  sand,  and 
first-class  quality  Portland  cement,  in  the  following  propor- 
tions: Broken  stone,  four  parts;  sand,  two  parts;  Portland 
cement,  one  part.  The  concrete  should  be  thoroughly  mixed 
and  put  in  by  men  who  are  accustomed  to  lay  concrete.  The 
surface  of  the  concrete  should  be  finished  with  1  inch  of 
Portland  cement  and  clean  sharp  sand  in  the  proportions 
of  about  two  of  sand  to  one  of  cement.  Before  this  finish- 
ing layer  has  finally  set,  the  surface  should  be  smoothed  by 
throwing  on  cement  and  troweling  it  in  well,  and  bringing 
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the  surface  up  to  a  smooth  water-ti^ht  fiuisb*  After  the  con- 
crete bottom  and  foundation  have  set  for  about  a  week  and 
tecome  hard,  some  empty  cement  bags  should  be  laid  over 
the  surface  to  protect  it,  and  a  plank  floor  should  be  laid 
over  the  cement  bags,  except  where  the  walls  are  to  be 
built.  The  masons  can  then  proceed  to  build  the  walls.  In 
doing:  this  work,  they  must  be  exceedingly  careful  to  make 
all  joints  in  the  body  of  the  walls  solid,  using  cement  mortar 
in  a  semiliquid  state,  and  driving  it  in  well;  this  is  called 
iJfrntitttiR*  When  the  walls  are  finished,  the  joints  should 
be  rubbed  with  an  iron  bar,  made  for  the  purpose  and  called 
a  key  by  mason  s»  to  a  hard  finish  in  order  to  make  the  joint 
surface  water-tight* 


29.  While  the  concrete  is  being  laid*  the  plumber  must 
place  all  his  pipes  in  proper  position  *  and  prop  them  up  so 
Uiat  they  cannot  be  shifted  while  the  concrete  men  are  work- 
ing. He  should  take  his  measurements  from  the  plans  and 
get  the  levels  from  the  engineer  in  charge  of  the  work  to 
be  sure  that  the  pipes  will  be  in  their  correct  places.  It  will 
spoil  the  walls  to  cut  holes  through  them  for  the  pipes  after 
they  have  been  built;  besides,  it  is  a  needless  expenditure 
of  money  and  energy.  The  mason  must  be  careful  to  pack 
the  cement  solidly  around  the  pipes  and  grout  them  in  with 
cement  a  little  thicker  than  cream,  so  that  there  will  be  no 
leakage  around  the  pipes.  Furthermore,  the  trenches  that 
have  been  dug  for  the  pipes  that  nm  under  the  concrete 
bottom  must  be  thoroughly  tamped  and  the  earth  slushed 
in  with  water,  so  as  to  make  it  compact  around  the  pipes 
before  the  concrete  floor  is  laidj  otherwise,  the  earth  around 
the  pipes  will  not  be  as  solid  as  the  natural  earth  and  will 
settle.  This  will  take  the  support  from  under  the  concrete 
bottom  J  which  will  crack,  and  by  then  allowing  water  to 
leak  under  the  foundation  may  cause  serious  damage  to  the 
structure.  There  will  be  no  danger  of  such  damage  if  the 
earth  is  slushed  in  w^^ith  water  and  made  to  settle  solidly  in 
place  before  the  concrete  foundations  are  laid.  The  pipes 
ierneath  the  concrete  must  be  extra-heavy  cast  iron,  with 
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perfectly  calked  joints,  so  that  they  will  not  become  corroded 
or  otherwise  defective  within  a  period  of  at  least  50  years. 
They  will  probably  last  longer  if  there  is  no  unusual  corro- 
sive action  between  the  earth  and  the  pipes.  Of  course,  the 
fixtures  and  tanks  can  be  arranged  separately  instead  of 
being  grouped  together  as  shown.  It  is  customary  to  keep 
them  separate  in  large  plants,  but  in  small  plants,  such 
as  are  required  for  private  residences,  hotels,  etc.,  they 
may  be  grouped  together  and  enclosed  in  one  building. 

30.  The  square  shown  in  the  center  of  the  plan  is  a  pit 
about  3  feet  square  and  14  or  15  feet  deep,  in  which  a  num- 
ber of  valves  are  placed.  The  drain  pipe  a  removes  any 
leakage  that  may  enter  the  pit  through  the  walls  or  through 
the  valves  and  discharges  this  waste  water  through  the 
pipe  ^  to  a  point  above  the  ground  outside  the  building.  As 
the  bottom  of  the  valve  pit  is  lower  than  the  bottom  of  the 
filters,  the  latter  can  be  drained  and  emptied  into  the  pit 
through  the  valve  c'.  In  the  sectional  view  through  EF'w'xW 
be  noticed  a  straight  pipe  joining  the  bottom  of  one  filter 
with  the  bottom  of  the  other  filter  and  having  two  valves  c,c 
on  the  pipe.  There  is  a  branch  between  these  valves  that 
turns  down  with  another  valve  c'  attached  thereto.  This 
valve  drains  the  cross-pipe  into  the  pit.  Thus  either  filter 
can  be  drained  into  the  pit  through  the  valve  c^;  or,  either 
filter  can  supply  water  to  the  other  filter  by  opening  the 
valves  c,  c  and  closing  the  valve  ^.  The  pipe  d  is  the  raw- 
water  supply  pipe  from  the  water  main  e  that  runs  under- 
ground outside  of  the  building.  There  is  a  by-pass  valve  / 
located  on  the  water  main  between  the  branch  to  the  pipe  d 
that  supplies  the  filters  and  the  branch  to  the  pipe  g,  which 
is  the  pipe  that  delivers  pure  water  into  the  main.  That 
portion  of  the  main  at  the  rig:ht  of  /  is  consequently  full  of 
raw  water,  while  that  portion  at  the  left  of  the  valve  /  con- 
tains filter  water  when  the  valve  /  is  closed.  Should  it  be 
necessary  to  shut  down  the  filter  plant  for  repairs,  or  to  give 
a  g^reater  supply  of  water  in  case  of  a  fire,  the  by-pass  /  can 
be  opened  and  the  valves  on  .^  and  d  closed.     These  valves 
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are  placed  close  to^jether  for  convenience  in  such  an  eraer- 
gency*  The  raw  water  passing  through  ti  enters  the  settling 
tank  throu*^h  a  ball  cock  //,  the  outlet  of  which  is  below  the 
surface  of  the  water  and  discharges  in  a  horizontal  direction 
so  that  the  inflow  will  not  disturb  the  mud  that  has  settled 
in  the  bottom  of  the  tank.  A  difTuser  that  will  spread  the 
incoming  raw  water  and  prevent  agitation  of  the  water  in 
the  settling  tank  would  be  a  better  device*  The  supply  to 
the  filters  is  obtained  by  the  settling  tank  overflowing  into 
them  through  the  gate  valves  /,  /.  Water  percolating^  down 
through  the  sand  bed  /  flows  through  the  underdrain  k  and 
up  through  the  discharge  valves  /,  /  into  the  pure- water  reser- 
voir, from  which  it  is  drawn  by  the  pipe  }^  and  delivered  to 
the  buildings.  To  make  repairs  to  the  ball  cock  h^  the  water 
can  be  shut  off  from  the  settling:  tank  at  the  angle  valve  nu 
and  the  supply  to  the  tilters  can  be  furnished  temporarily  by 
opening  the  gate  valves  u,jt,  which  of  course  must  be  regu- 
lated so  as  not  to  overflow  the  filters.  This  must  be  watched 
while  the  ball  valve  is  not  in  operation.  The  settling  tank 
can  be  drained  empty  through  a  gate  valve  o  located  at  the 
bottom  of  the  settling  tank,  which  grades  toward  this  point 
from  all  side;!*  The  other  filter  can  be  emptied  for  cleaning 
purposes  by  opening  the  necessary  valves  in  the  pit,  inclu- 
ding the  valve  e^,  and  it  can  be  filled  again  through  the  under- 
drain s,  previous  to  turning  in  the  raw  water,  by  closing  c^ 
and  opening  the  valves  f,r,  both  of  which  should  be  closed  as 
soon  as  the  water  is  6  inches  above  the  sand  bed*  To  pre- 
vent the  raw  water  that  flows  into  the  filters  through  /  from 
corroding  the  surface  of  the  sand,  a  number  of  bricks  are 
laid  on  the  sand  where  shown,  The  bottom  of  the  pure* 
water  reservoir  grades  down  to  the  center  where  the  waste 
pipe  p  is  run  to  the  bottom  of  the  valve  pit,  a  gate  valve 
being  attached  inside  the  pit.  To  prevent  raw  water  from 
overflowing  the  settling  tank  and  filters  by  an  accident  to  the 
ball  valve  I  and  thereby  entering  the  ptire*  water  reservoir, 
the  settling  tank  should  be  furnished  with  an  overflow  dis- 
charging into  the  valve  pit*  The  overflow,  shown  at  q, 
should  have  an  area  equal  to  twice  that  of  the  ball  valve. 
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If  it  is  desired,  the  valve  o  may  also  be  placed  inside  the 
valve  pit,  and  the  settling  tank  allowed  to  discharge  therein. 
The  dimensions  of  the  diflEerent  parts  will,  of  course,  vary 
with  existing  conditions,  such  as  water  pressure,  the  volume 
of  water  to  be  filtered,  etc.,  but  the  general  type  of  appa- 
ratus shown  is  well  adapted  to  conditions  where  about  1,000 
persons  have  to  be  supplied.  By  running  both  filters  at  the 
same  time,  2,000  persons  could  be  supplied,  but  this  is  not 
advisable,  because  one  filter  should  rest  while  the  other  one 
is  in  service.  It  will  thus  be  ready  for  service  when  the 
other  is  ready  to  be  cleaned. 

31.  The  walls  of  the  wooden  house  over  the  filter  plant 
are  shown  at  r.  The  general  appearance  of  the  housing  can  be 
varied  to  suit  the  architectural  requirements  of  the  vicinity. 
In  any  case,  however,  the  walls  and  roofs  must  be  built  so  as  to 
prevent  the  water  from  freezing.  A  hatch  should  be  fitted  in 
the  roof  over  the  settling  tank  for  light  and  ventilation  when 
desired.  The  hatch  may  be  operated  by  a  rope  and  pulleys. 
There  should  be  no  hatch  over  the  pure-water  reservoir.  The 
door  of  the  reservoir  house  is  located  at  5.  It  should  not  be 
located  near  the  pure-water  reservoir,  because  the  traffic 
should  be  along  the  walls  of  the  settling  tank  instead  of 
along  the  walls  of  the  pure-water  reservoir.  The  tops  of  the 
partition  walls  are  2  feet  wide,  which  is  enough  for  the  men  to 
remove  the  sand  and  mud  with  wheelbarrows.  All  the  valves 
in  the  valve  pit  should  preferably  have  the  stems  extended 
above  the  walls,  so  that  in  case  of  accident,  or  chokage  of 
the  waste  pipe  b  with  a  consequent  flooding  of  the  valve  pit, 
any  valve  can  easily  be  operated  from  the  walls. 

The  valves  on  the  main  are  placed  outside  the  building  for 
two  reasons:  (1)  because  it  is  not  advisable  to  build  the 
filter  plant  over  the  main;  and  (2)  because  they  should 
be  easy  of  access  should  the  keys  of  the  filter  house  be  lost. 
A  portable  housing  over  the  valve  wheels  can  easily  be 
removed  in  the  event  of  fire. 

The  ground  should  be  grraded  from  the  walls  of  the  build- 
ing, as  shown   in   the   section  through  AB,     In  fact,  it  is 
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frequently  advisable  to  bank  the  earib  to  a  point  at  least 
2  feet  above  the  water-line,  to  prevent  the  moisture  in  the 
walls  from  freezing  and  cracking  the  joints.  Should  the 
water  ever  become  sio  cold  that  there  is  danger  of  freezings 
a  small  stove  can  be  placed  on  the  wall  heads  with  a  smoke 
pipe  passing  through  the  roof,  but  it  should  not  be  necessary 
■_to  resort  to  this  precaution  if  the  house  is  well  built* 


MECHANICAL   FII^TRATION 


INTROUUCTIOK 

32.  Mccliauleal  fntrntlon  is  a  straining  process  in 
which  a  sediment  layer  is  artificially  produced  by  the  use  of 
coagulants.  Clarification  of  water  can  be  effected  by  passing 
it  without  coagulants  through  a  mechanical  filter;  but,  when 
perfectly  pure  water  is  desired >  coagulants  are  used* 

Coairiilatloii  consists  of  forming  a  jelly-like  layer  on  the 
surface  of  a  sand  bed  by  means  of  chemicals,  which  are 
mixed  with  the  raw  water.  The  coagulant  generally  used  is 
sulphate  of  alumina^  that  is,  common  alum.  When  added  to 
water,  it  decomposes  into  its  component  parts,  sulphuric 
acid  and  alumina j  the  sulphuric  acid  combines  with  lime  or 
any  other  base  present  in  the  water,  while  the  alumina  forms 
a  flaky  precipitate  that  gathers  together  and  holds  whatever 
suspended  matter  it  encounters. 

There  are  two  kinds  of  mechanical  filters:  gravity  and 
pressure.  Gravity  H Iters  are  open  to  tlie  atmosphere  at 
the  top  and  the  water  percolates  through  the  filter  bed  by 

avity-  Pressure  fitters  are  closed  water-tight  vessels ^  in 
hich  the  water  is  forced  through  the  filter  bed  by  the  full 
hydraulic  pressure  of  the  service  pipe.  The  gravity  filters 
must  be  located  higher  than  the  fixtures  supplied »  while 
the  pressure  filters  may  be,  and  usually  are^  located  in  the 
cellar  or  basement. 

The  method  of  filtration  is  the  same  in  gravity  as  in  pres- 
sure filters.     Raw  water  enters  the  filter  at  the  top^  passes 
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down  through  a  bed  of  sand,  and  is  collected  by  a  system  of 
underdrains  below.  Mechanical  filters  will  purify  from 
lOO.OTXJ.OOO  to  200,000,000  gallons  of  water  per  acre  of  filter 
surface,  or  from  2,295  to  4,590  gallons  per  square  foot  of 
filter  surface*  per  24  hours;  this  rate  is  from  50  to  100  times 
that  obtaining  in  slow  sand  titration. 


MECnAXICAIj    GRAVITY .  FlI^TERft 

33,  Continental  Filter, — A  mechanical  filter  of  the 
gravity  type  is  shown  in  Fig,  9*  It  consists  of  a  wooden 
taok  a  having  its  bottom  lined  with  a  layer  d  of  Portland 
cement;  a  system  of  underdrains,  as  r»  rests  on  the  cement* 
The  main  underdrains  have  a  large  number  of  branches,  each 
of  which  is  provided  with  a  number  oi  perforated  nozzles^  as 
shown*  A  thick  layer  i/  of  sand  serves  as  the  filter  bed;  the 
trough  e  is  an  overflow  to  carry  olf  the  wash  water  when  the 
filter  is  being  cleaned.  The  operation  of  the  filter  is  as  fol- 
lows: Water  enters  through  the  pipe  /  and  its  height  is 
automatically  regulated  by  the  float  j^  inside  the  tank.  The 
water  flows  downwards  through  the  sand  to  the  underdrains 
and  is  conducted  through  the  pipe  A  to  a  pure-water  tank. 
The  filter  bed  is  cleaned  by  closing  the  valves  J,  k,  and  /,  and 
alternately  forcing  water  and  air  through  the  sand  from  the 
underdrains.  Water  is  first  admitted  through  the  valve  m  to 
stir  up  the  bed  and  thoroughly  loosen  the  dirt,  which  is 
fioated  to  the  surface  by  the  water  and  carried  over  into  the 
trough  f.  The  valve  tn  is  then  closed  and  compressed  air 
admitted  through  the  valve  n  to  further  agitate  the  water  and 
aerate  the  bed.  The  valve  o  on  the  waste  pipe  leading  to  the 
sewer  is  used  for  flushing  the  sewer,  and  is  normally  kept 
closed.  A  regulating  device  p  having  a  valve  and  float 
inside,  insures  a  constant  rate  of  filtration  through  the  sand. 
When  the  filter  is  in  operation,  the  valves  /  and  x  are  open 
and  all  other  valves  are  closed.  Detailed  instructions  regard- 
ing the  operation  of  the  filter  are  usually  furnished  by  the 
maker;  these  instuctions  should  be  framed  and  hung  up  near 
the  filter. 


WATER  FILTRATION 


29 


a  gravity  filter.  The  only  difference  is  in  the  containing  tank, 
which  is  a  horizontal  steel  cylinder  that  will  withstand  a  heavy 
internal  pressure.  The  cylinder  nsually  lies  horizontally,  the 
pipe  connections  being  made  at  the  end. 

36.  Jew^ell  Filter. — Fig.  10  shows  a  gravity  type  of  the 
Je^v<?ll  niter.  It  differs  from  the  Continental  filter  prin- 
cipally in  the  location  of  the  settling  chamber  and  the 
method  of  vvashin^j:  the  filter  bed.  The  settling  basin  a 
occupies  the  lower  half  oi  a  large  tank  ^,  in  which  is  placed 

e  filter  c*  An  annular  space  d  is  left  between  the  filter  and 
he  containing  tank  for  the  overflow  of  water  when  the  filter 
is  being  cleaned.  Coagulated  water  enters  the  settling  basin 
through  the  pipe  e  and  rises  to  the  filter  through  the  stand 
pipe  /.  The  strip  .^  between  the  filter  and  the  large  tank 
prevents  raw  water  from  rising  in  the  space  d  and  overflow- 
ing the  filter.  Air  is  not  used  in  cleaning  this  type  of  filter, 
but  an  iron  rake  ^  is  revolved  to  stir  up  the  sand  while  water 
is  forced  up  through  the  bed  from  the  underd rains.  The  set- 
tling chamber  is  drained  through  the  valve  ^,  The  filtered 
water  from  the  underdrains  is  drawn  off  through  /.  The 
overflow  vvaterj  while  the  filter  is  being  washed^  is  drawn  off 
from  d  through  /.  The  gearings  belts,  and  pulleys  shown  on 
top  of  the  tank  are  used  to  rotate  the  prongs  and  thus  stir 
up  the  sand  while  it  is  being  washed. 


r. 
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37.  A  pref*sure  filter  is  one  in  which  the  full  water  pres- 
sure comes  on  the  filter  bed,  which,  therefore,  must  be 
enclosed.  There  are  many  kinds  of  pressure  filters  on  the 
market,  but  in  a  general  way  the  principle  of  filtration  is 
^bout  the  same  in  all. 

I  Fig.  11  shows  what  is  known  as  the  Jewell  pressure 
filter.  It  differs  from  the  gravity  type  bearing  the  same 
name,  chiefly  in  the  casing.  The  gearing  a  in  this  and 
other  large  filters  is  operated  by  power,  a  belt  being 
attached   to   the  pulley   if;    in   small    filters    the   rake  c   is 

tvolved  by  hand,  a  crank  being  used  instead  of  the  pulley. 


Fig,  U 


being  closed.     The  by-pass  valve  ^  is  closed  while  filtered 
water  is  being^  passed  to  the  building*    The  valve  h  conneetai 
the  header  of  the  underdrains  to  the  building  and  is 
filtered- water  valve.     The  valve  t  connects  the  same  headef 
to  the  sewer  or  other  suitable  place  where  water  can  be  dia 
charged  to  waste  after  the  (filter  bed  has  been  cleaned  and 
befoie  the  filtered  water  is  turned  on  in  the  bnildin^r-     Thi 


valve.  Care  must 
be  taken  to  have  the 
connections  made 
rightly,  since  other- 
wise the  fiher  cannot 
be  operated  correctly, 

38*  Large  hori- 
zontal-cylinder pres- 
sure filters  are  fre- 
quently  used  instead 
of  vertical-cylinder 
filters.  They  have 
the  advantage  of  a 
very  large  filter  bed, 
but  they  have  the 
disadvantage  of  not 
being  ordinarily  pro- 
vided with  rakes  for 
stirring  up  the  sand 
during  the  cleaning: 
process.  The  pipe 
connections  to  the 
horizontal-cylinder 
pressure  filters  are 
usually  made  at  the 

end  of  the  cylinder,  and  are  valved  and  by-passed  in  sub- 
stantially the  same  manner  as  is  shown  in  Fig,  11, 

39*  A  Ixionits  proj^siire  filter  is  shown  in  front  eleva- 
tion in  ¥ig,  12;  A  feature  cif  this  type  is  the  operating  valve 
Ihat  takes  the  place  of  the  numerous  separate  valves  that 
would  otherwise  be  required.  The  lever  guide  a  is  fitted 
with  a  rcgi^itered  dial  marked  '*Fly-T*ass/*  ** Filtering/* 
'* Filtering    to  Waste/*   and   **\Vashing    Filter  Bed/*     This 
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plainly  marks  the  stations  of  the  lever  during  the  different 
operations  of  the  filter.  When  the  lever  b  is  at  the  station 
marked  ** Filtering,**  the  water  passes  down  through  the  filter 
and  is  purified,  and  filtered  water  can  be  drawn  at  the  fixtures. 
When  the  filter  bed  is  dirty  the  lever  is  moved  along  the 
dial  to  the  station  **Washing  Filter  Bed*';  this  action 
reverses  the  flow  of  water  and  washes  the  accumulated  sedi- 
ment up  and  out  of  the  filter.  After  it  is  cleaned  the  lever 
is  moved  to  the  station  **Filtering  to  Waste,**  when  the  flow  of 
the  water  is  again  reversed  and  the  water  again  filters  down. 
When  the  lever  is  at  this  station  the  filtered  water  is  allowed 
to  escape  for  a  few  minutes,  or  until  the  wash  water  is  all 
removed  from  the  sand,  when  the  discharge  will  become  quite 
clear.  The  lever  is  then  moved  to  the  station  **Filtering" 
and  pure  water  is  again  supplied  to  the  building. 

When  necessary  to  shut  off  the  filter  to  renew  the  sand  bed 
or  make  repairs,  the  lever  is  moved  to  the  station  marked 
**By-Pass.'*  This  cuts  off  the  water  from  the  filter,  and 
establishes  direct  communication  between  the  water  service 
pipe  and  the  house  distributing  system.  Coagulant,  such 
as  alum,  is  stored  in  the  tank  r,  from  which  it  is  automatically 
fed  to  the  raw  water  entering  the  filter.  During  the  process 
of  cleansing  the  filter,  the  current  of  water  lifts  the  filter  bed 
bodily  and  forces  it  through  a  cutting  plate  located  over  the 
sand  bed,  thus  tearin*^  the  matting  of  sediment  to  shreds  and 
breaking  up  the  filter  bed  so  that  each  grain  of  sand  can  be 
washed.  A  wire  screen  or  perforated  confining  plate  located 
at  the  top  of  the  filter  prevents  the  sand  from  being  washed 
away  with  the  sediment. 

40.  A  view  of  the  under  side  or  bottom  of  the  filter 
shown  in  Fig:.  12  is  given  in  Fig.  13.  The  under  side  of 
the  registered  dial  is  shown  at  a.  The  lever  handle  b 
operates  a  combination  cock  c  having  numerous  water  pas- 
sages. Raw^  water  from  the  inlet  pipe  d  passes  through  r, 
and  either  flows  into  the  top  of  the  filter  through  e,  is 
by-passed  to  the  building  through  the  outlet  pipe  /,  or  washes 
up  through  the  filter  bed,  according  to  the  position  of  the 
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41  •  When  pressure  filters  are  \ised,  a  storage  tank 
should,  if  possible,  be  provided  for  the  pure  water,  to 
insure  a  nearly  uniform  rate  of  filtration*  All  pressure 
filters  should  also  be  connected  to  the  house  supply  by 
means  of  a  by-pass »  so  that  water  can  be  drawn  direct  from 
the  service  pipe  when  the  filter  is  cut  out  for  repairs;  or, 
better  still,  duplicate  filters  may  be  used,  so  that  either  may 
be  used  while  the  other  is  shut  off. 

Pressure  filters  are  seldom  used  for  municipal  purification 
plants.     Owing,  however,   to  the  facility  with   which  they 
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can  be  connected  to  the  service  pipe  of  any  building  fur- 
nished with  a  municipal  supply,  they  are  used  almost 
exclusively  for  the  filtration  of  water  in  private  and  public 
buildings.  Also,  they  are  extensively  used  for  manufactur- 
ing purposes,  where  clearness  of  water  is  more  important 
than  freedom  from  bacteria. 


COAGULATING    APPARATUS 

42.  Coa^ulator  for  Gravity  Filters. — An  apparatus 
frequently  employed  for  applying  coagulant  to  water  in  a 
gravity  filter  is  shown  in  Fig.  14.  Two  mixing  chambers 
a,  a'  are  provided  so  that  the  solution  can  be  prepared  in  one 
while*  being  drawn  from  the  other.  A  certain  amount  of 
alum,  sufficient  to  prepare  a  definite  amount  of  solution,  is 
placed  in  the  crates  or  boxes  b,  b'  and  a  fine  spray  of  water 
blown  over  it.     The  water  is  so  regulated  that  by  the  time 


Fig.  14 

the  tank  is  filled  all  the  alum  will  be  dissolved.  The  solu- 
tion drops  from  the  bottom  of  the  alum  box  into  the  mixing 
chamber,  where  it  should  be  kept  agitated  by  a  stirring 
device  or  by  forcinj^;  compressed  air  through  it  from  the  bot- 
tom. The  solution  passes  from  the  mixing  tanks  to  the 
measuring  tank  r  through  the  pipe  d.  The  overflow  pipe  e 
prevents  the  liquid  overflowing  the  tanks  rt',  <?'.  The  applica- 
tion of  the  solution  to  the  water  in  the  filter  is  regulated  by 
increasing:  or  decreasing  the  size  of  the  opening  in  b\  or,  the 
opening  may  remain  unchanged  and  the  charge  of  coagulant 


qiiantity  of  alum  is  placed  in  the  tank  a  throiig:h  the  hand- 
hole  b.  A  ^matl  stream  of  water  is  then  admitted  through 
the  inlet  pipe  c.  The  water  passes  through  the  alum,  dis- 
solves it»  and  the  solution  flows  through  the  outlet  pii>e  d 
into  the  raw  water  flowing  to  the  filter  through  e.  To  cause 
this  apparatus  to  operate  automattcally,  a  greater  pressure  is 
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required  in  the  inlet  pipe  than  in  the  outlet;  a  difference  of 
i  pound  to  the  square  inch  is  sufficient.  This  is  produced 
by  throttling  the  valve  /  on  the  service  pipe  between  the  two 
branches  to  the  measuring  tank.  The  valve  /  serves  as  a 
blow-off  to  clean  the  tank.  The  objection  to  this  arrange- 
ment is  that  there  is  no  way  of  measuring  directly  how  much 
coagulant  enters  the  service  pipe.  The  proper  amount  of 
coagulant  has  to  be  determined  by  trial,  adjusting  the 
supply  by  slight  increases  until  the  filtered  water  becomes 
perfectly  clear. 

44.  The  flow  of  coagulant  from  special  coagulant  tanks, 
such  as  are  shown  at  c  in  Fig.  12  and  h  in  Fig.  13,  is  directly 
controlled  by  a  graduated  valve  /,  Fig.  13,  that  regulates  the 
amount  of  flow.  The  handhole  /,  Fig.  12,  is  used  for 
charging  the  tank  c  with  alum.  The  raw- water  pipe  is  con- 
nected to  X',  part  of  the  water  passing  through  the  coagulant 
tank  and  part  passing  directly  into  the  filter.  The  best  forms 
of  alum  tanks  are  provided  with  a  graduated  gauge  for  the 
operating  lever,  as  /  in  Fig.  12.  This  lever  is  set  at  the  first 
notch  of  the  gauge  when  the  alum  charge  is  fresh,  and  is 
moved  up  notch  after  notch  as  the  alum  solution  weakens, 
which  is  shown  by  the  filtered  water  appearing  less  pure. 


EXAMPLE    OF    COMBINATION    FILTER    CONNECTIONS 

45.  Fig.  16  shows,  in  horizontal  section  and  elevation,  a 
method  of  connecting  up  two  filters  so  that  either  or  both 
may  be  used  at  the  same  time.  They  are  supposed  to  be 
connected  by  the  pipes  a  and  ^  to  a  coil  placed  in  an  ice 
chest.  The  pipe  a  feeds  the  coil,  and  b  is  the  cold  water 
dischar2:e  from  the  coil.  The  ice  chest  is  supposed  to  be 
located  at  the  rio^ht  of  the  illustration.  The  service  pipe  c 
connects  with  the  city  main  or  tank  supply,  as  the  case  may 
be.  The  pipe  d  is  the  tiltered-vvater  supply  pipe  to  the 
buildini^.  The  combination  gaug^e  c  has  two  indicators,  one 
of  whicli  indicates  the  pressure  in  r,  and  the  other  that  in  d. 
When  filtered  water  is  beins:  draw^n  in  the  building,  the  pres- 
sure in  d  becomes  reduced  because  of  the  resistance  to  the 
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flow  of  the  water  through  the  filters  as  it  flows  from  c  to  d. 
The  difference  in  pressure  as  indicated  by  the  gauge  will 
change  with  the  amount  of  water  drawn  and  the  amount  of 
sediment  in  the  filters.  If  the  filters  have  been  neglected 
and  are  clogged,  a  great  difference  in  pressure  will  be 
noticed  on  the  gauge  when  the  faucets  supplied  by  d  are 
opened;  when  the  filters  are  clean,  the  difference  will  be 
slight.  Thus,  not  only  the  pressure  of  the  water  can  be 
read  on  the  gauge,  but  also,  approximately,  the  condition  of 
the  filter  bed.  Most  of  the  pipes  shown  in  the  illustration 
are  placed  against  the  wall,  and  the  filters  stand  out  from 
the  wall  about  6  or  8  inches.  As  shown  on  the  plan,  the 
pipes  are  held  from  the  wall  with  ring  plate  hangers  /.  The 
water  filters  downwards,  but  when  being  washed  the  water 
flows  upwards.  A  combination  valve  ^  is  located  at  the  base 
of  each  filter  and  is  operated  by  the  lever  handles  shown. 
The  pipe  A  is  a  blind  end  and  terminates  at  the  back  of  the  left 
filter  to  give  the  work  a  balanced  or  uniform  appearance. 

46.  To  operate  both  filters  and  the  ice  chest,  the  by-pass 
valves  /,y  are  closed  and  the  valves  k,ly7n,n,o,p,g  are 
opened.  The  raw  water  entering  through  c  is  thus  compelled 
to  take  the  following  route:  It  enters  through  k  and  is  divided 
into  two  currents  at  the  cross;  one  current  goes  through  /to 
the  valve  ^  and  thence  up  the  pipe  r  at  the  back  of  the  filter 
and  entering  the  top  passes  through  the  filter,  and  s  and  n 
into  the  pipe  «,  where  it  joins  the  discharge  from  the  other 
filter,  both  passing  through  a  to  the  ice  chest.  The 
other  raw-water  current  that  enters  through  c  and  splits  at 
the  cross  under  the  valve  k  passes  through  the  valve  m, 
through  /,  to  the  combination  valve  ^,  under  the  right-hand 
filter,  up  71,  and  in  at  the  top  of  the  filter,  passing  through  it 
and  out  through  the  combination  valve  at  the  bottom,  then 
through  V  and  o  into  a. 

The  filters  are  washed  through  the  waste  pipe  w  and  «'', 
sight  glasses  being  arranged  at  x  and  x^  so  that  the  quality 
of  water  washed  through  the  waste  pipe  can  be  examined. 
The  sight  glasses  discharge  into  a  waste  pipe  y  that  connects 
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with  the  drainage  system,  and  throi2g:h  which  all  sediment 
and  wash  water  from  the  filters  is  discharged. 

To  operate  both  filters  without  sending  the  filtered  water 
through  the  ice  chest,  the  valves  /, ^  and  g  are  closed  and 
jyk^l^m^n^o  are  opened. 

To  operate  the  right-hand  filter  and  to  use  the  ice  chest, 
the  valves  k^  m ,  o^p^  q  are  opened  and  A  «,  A  /are  closed. 

To  by-pass  both  filters  and  the  ice  chest,  or,  in  other 
words,  to  draw  raw  water  through  d^  close  l^m^n.o.p^q  and 
open  k^  /,  y. 

It  will  be  seen  that  by  this  arrangement  of  the  connections 
shown,  any  part  of  the  apparatus,  including  the  ice  chest,  can 
be  thrown  out  of  service  or  put  into  ser\'ice  independent  of 
the  other  parts,  or  they  can  all  be  put  together  or  in  any 
required  combination. 

The  pipes  a,b,c,d  are  covered  with  pipe  covering.  It  is 
necessary  to  cover  the  pipe  b\  it  is  not  absolutely  necessary 
to  cover  a  and  r,  because  the  pipe  b  contains  the  ice  water 
while  the  temperature  of  the  water  in  a  and  c  is  normal. 
They  are  covered  chiefly  for  appearance,  but  may  be  left 
bare  if  desired. 

47.  In  making  combination  connections  between  appara- 
tus, a  number  of  valves  are  necessary.  It  is  advisable  to 
place  these  valves  symmetrically,  and  in  a  general  way  lay 
out  the  work  so  that  when  it  is  finished  it  will  appear  neat 
and  workmanlike.  It  is  a  very  easy  matter  for  a  plumber  to 
fit  up  the  filters  and  ice  chest  and  cross-connections  so  that 
they  will  ordinarily  work  all  right;  the  very  best  mechanics 
take  pride,  however,  not  only  to  fit  up  the  pipes  and  valves  so 
that  the  apparatus  will  work  satisfactorily,  but  also  to  have 
the  whole  job  appear  symmetrical  and  neat. 
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PROPERTIES    OP    WATER 

1.  Solvent  Action  of  Water. — Most  waters,  particu- 
larly those  that  are  soft,  exert  a  solvent  action  on  minerals 
and  metals  with  which  they  come  in  contact.  When  brought 
in  contact  with  iron  pipes,  soft  waters  corrode  them,  forming 
a  red  oxide  of  iron  commonly  known  as  iron  rust.  When 
large  quantities  of  iron  oxide  are  present  in  water,  it  renders 
the  water  unfit  for  domestic  use,  owing  to  the  disagreeable 
taste  imparted  to  the  water,  and  also  owing  to  the  reddish 
color  and  consequent  liability  of  staining  clothing  and  ves- 
sels with  which  the  water  is  brought  in  contact.  Water  will 
also  corrode  lead,  brass,  and  zinc,  and  then  form  compounds 
that  are  poisonous.  Unfortunately,  the  presence  of  these 
poisons  in  water  cannot  be  detected  by  color,  but  only  by 
taste  or  chemical  tests.     Water  does  not  affect  tin. 

The  water  that  exists  in  common  soil  is  usually  mixed  with 
a  small  percentage  of  vegetable  and  mineral  acids  originated 
by  the  decomposition  of  leaves  and  minerals;  it  is  more  or 
less  destructive  to  metal  pipes  that  are  laid  underground 
unless  they  are  coated  with  asphaltum  or  some  other  pro- 
tective covering. 

The  solvent  action  of  water  usually  increases  both  with 
heat  and  pressure,  although  -heat  will  sometimes  change  the 
character  of  the  water  and  thus  reduce  its  solvent  action. 

For  notkt  o1  copyrizht ,  see  page  immediately  following  the  title  Page 
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Steam  is  very  destructive  to  lead  pipe,  but  it  is  harmless 
to  brass  or  iron  pipe,  unless  mixed  with  air.  Lead  and  zinc, 
when  exposed  to  water,  frequently  have  a  coating  formed  on 
their  surfaces  that  protects  them  from  further  corrosion. 

Hot  water,  if  it  be  pure  and  free  from  gases  or  air,  will 
not  attack  pipes  of  iron,  brass,  or  lead  to  an  extent  suf- 
ficient to  poison  the  water  or  render  it  unfit  for  cooking 
purposes,  unless  it  should  be  allowed  to  stand  in  the  pipes 
for  a  few  hours  before  being  drawn  oflE. 

2.  Absorption  of  Gases  in  Water. — Gases  are  soluble 
in  water,  but  in  different  proportions.  Pure  water  at  atmos- 
pheric pressure  and  ordinary  temperature  absorbs  an  amount 
of  air  equal  to  4  per  cent,  of  its  own  volume;  of  sulphureted 
hydrogen,  4  per  cent.;  and  of  carbon  dioxide,  100  per 
cent.  The  absorptive  capacity  is  doubled  by  an  increase  of 
15  pounds  in  pressure. 

The  relative  volume  of  gas  absorbed  varies,  in  all  cases, 
directly  as  the  pressure  and  inversely  as  the  temperature. 
Thus,  if  the  pressure  is  increased,  the  water  will  absorb 
more  gas,  and  if  the  water  is  heated  it  will  absorb  cor- 
respondingly less  gas.  Water  is  said  to  be  saturated  when 
it  has  in  solution  all  the  gas  that  it  can  hold.  If  water 
is  saturated  with  gas  and  the  pressure  is  reduced  or  the 
temperature  is  raised,  the  capacity  of  the  water  to  hold  the 
gas  is  reduced,  and  some  gas  will  be  liberated.  Thus,  if 
water  that  is  under  pressure  and  saturated  with  air  is 
allowed  to  flow  from  a  faucet,  it  will  appear  milky,  because 
the  air  is  liberated  in  a  great  number  of  fine  bubbles 
that  slowly  rise  to  the  surface,  and  the  water  ultimately 
becomes  clear. 

A  lower  pressure  usually  exists  at  the  end  of  a  line  of 
piping,  or  in  the  vicinity  of  faucets  while  water  is  flowing 
from  them,  than  at  the  street  main.  This  reduction  of  pres- 
sure will,  if  the  water  be  saturated,  liberate  more  or  less 
gas.  If  air  chambers  are  properly  located  they  will  receive 
this  air  or  gas  and  utilize  it  to  reduce  shocks  caused  by 
a  sudden  stoppage  of  the  water.     On  low-pressure  systems. 
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the  water  is  frequently  saturated  with  air,  or  nearly  so;  but 
this  seldom  occurs  in  high-pressure  systems,  because  in 
these  the  absorbing  capacity  of  the  water  is  very  great  on 
account  of  the  pressure  having  been  increased  over  that  to 
which  the  water  was  subjected  in  the  reservoir.  For  example* 
suppose  that  water  in  a  reservoir  under  an  absolute  pressure 
of  15  pounds  (a  gauge  pressure  of  zero  pounds,  approxi- 
mately) is  saturated;  that  is,  contains  4  per  cent,  of  air» 
Let  this  water  flow  into  street  mains  under  a  gau^e  pres- 
sure of  75  pounds  (90  pounds  absolute  pressure).  The 
absorptive  capacity  of  the  water  in  the  street  mains,  if  the 

water  is  free  from  air,  is      -  p'    -  =  -24  =  24  percent.;  but 

since  the  water  already  carries  the  4  per  cent,  of  air  absorbed 
in  the  reservoir,  it  can  only  absorb  24  —  4  ==  20  per  cent. 
more  air.  If  this  water  encounters  a  supply  of  air  under 
pressure*  as  in  an  air  chamber »  it  will  soon  absorb  it  and 
thus  the  air  chamber  will  become  useless. 


MEASUREMENT    OF    W^ATER 

3,  Mcfisiiriij^x  I*rt*ssstire. — Water  pressure  is  measured 
in  poimds  per  square  inch  above  atmospheric  pressure  by 
means  of  a  pressure  gauge*  For  pressures  of  about 
IfM)  pounds  or  less,  an  ordinary  steam -pressure  gauge  may 
be  used;  but  for  higher  pressure^  particularly  it  the  appara- 
tus is  subjected  to  sudden  shocks,  especially  made  hydraulic 
gauges  should  be  used. 

In  Fig*  1  is  shown  the  construction  of  a  pressure  gauge 
adapted  to  the  measurement  of  either  steam  or  water  pres- 
sures. It  consists  of  a  tube  a  of  elliptical  cross-section  that 
IS  filled  with  water  and  is  connected  at  it  with  a  pipe  leading 
to  the  vessel  contain tngf  the  liquid  whose  pressure  it  is 
desired  to  find.  The  other  end  e  is  closed,  and  is  attached  to 
a  link  r/,  which  is,  in  turn,  connected  with  a  rack  e:  this  rack 
gears  with  a  pinion  /  on  the  index  pointer  ^.  When  the 
elliptical  tube  is  subjected  to  pressure,  it  tends  to  take  a 
circular  form  of  cross-section,  and  as  a  whole  it  straightens 


4  COLD-WATER  SUPPLY  §51 

out  slightlyi  throwing  the  free  end  otit  a  distance  proportional 
to  the  pressure.  The  movement  of  the  free  end  is  trans- 
mitted to  the  pointer  by  the  Hnk^  rack,  and  pin  ion ,  and  the 
pressure  is  thus  indicated  on  the  graduated  diah 

The  pressure  of  water  in  the  plumbing  in  any  building  or  i 
part  of  a  building  supplied  from  city  mains  cannot  be  com- 
puted exactly  from  the  vertical  height  of  the  reservoir  above 
the  building,  because  the  water  in  the  mains  is  constantly 
flowing  to  supply  a  demand  at  factories,  stores,  dwellings^ 
etc,  in  other  parts  of  the  city  or  town,  and  the  pressure  is 
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always  lower  than  that  corresponding  to  the  actual  bead; 
consequently,  a  pressure  gauge  must  be  used  to  ascertain  the 
actual  pressures  at  the  several  points. 

The  height  that  water  will  rise  in  a  building,  the  gauge 
pressure,  in  pounds  per  square  inch,  being  known,  may  be 
computed  by  the  following  rule.  Although  this  rule  gives 
the  height  to  which  the  water  will  rise,  it  is  advisable  to  have 
a  surplus  head  of  at  least  10  feel  above  the  highest  fixture 
supplied  from  this  pressure,  so  as  to  obtain  a  suitable  velocity 
of  discharge. 
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^uIg,— Afui/ipiy  the  gauge  pressure  by  2,3;  the  product  wHi 
\te  ike  heigh i,  in  feet. 

Example, — A  prqssLire  gauge  fttta€.*hed  to  a  service  pipe  In  the  cellar 
|of  a  building  iucJicates  a  pressure  of  'M  pounds.     To  what  height  will 
he  water  ri.se  m  the  plunabinjif  system  wkhin  the  building? 
Solution.*- Applying  the  rule,  23  X  2.3  =  53  ft.,  nearly.    Ans. 

4.  Mcas^urement  of  Yoliinie. — Water  is  measured  and 
Sold  by  volume.  The  usual  unit  of  measurement  for  water 
is  ihe  gallon,  which  in  the  United  States  contains  231  cubic 
inches^    the    imperiali    or 
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British,  standard  gallon 
contains  277,12  cubic 
inches.  In  some  localities 
the  unit  of  ineasurenient 
is  the  cubic  foot.  Water 
flowing  through  pipes  is 
measured  by  special  ap- 
^Kparatus  called  -water 
meters,  of  which  there  are 
many  types  on  the  market. 

9    S,     The  Worthington 

water  meter  belongs  to  the 

reel  pr o eat  1  iig'  pl&toti 

type;  it  has  two  cylinders 

side  by  side,  witli  recip- 
^locating  pistons  therein. 
f  The    water   in    flowing 

through  the  meter  pushes 

the  pistons  to  and  fro;  each 

piston  stroke  represents  a 

definite  quantity  of  water  passing  the  meter.     The  movement 

of  the  pistons  is  registered  by  a  suitable  mechanism  on  a 

dial  graduated  to  read  directly  to  gallons,  or  cubic  feet. 

H  6-  The  type  of  water  meter  shown  in  Fig.  2  is  a  rotary 
piston  meter;  this  has  two  revolving  pistons,  as  a,  provided 
with  wings  that  roll  together  in  such  a  manner  that  no 
water  can  escape  past  them  without  being  measured.     The 
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elliptical  gears  in  the  chamber  b  prevent  the  pistons  a  from 
becoming  locked.  Each  revolution  of  the  pistons  allows  a 
certain  amount  of  water  to  pass,  and  the  registering  appa- 
ratus in  the  top  chamber  is  so  constructed  that  it  will  show 
the  gross  amount  in  cubic  feet.  The  meter  is  attached  to 
the  pipe  by  a  coupling  connection  at  c  and  by  a  correspond- 
ing connection  on  the  opposite  side. 


Fio.  3 


7.  A  disk  meter  is  shown  in  Figs.  3  and  4.  The  disk  a. 
Fig.  8,  is  attached  to  a  central  ball  b  that  rocks  in  suitable 
bearings  in  the  top  and  bottom  heads  r,  r,  which  are  conical; 
the  sides  of  the  chambers  in  which  the  disk  moves  are  truly 
spherical.  A  top  view  of  the  disk  and  working  chamber  is 
shown  in  Fig.  4.  The  water  enters  at  a,  Fig.  4,  and  passes  out 
at  b,  the  outlet  being  divided  from  the  inlet  by  a  partition  c 
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'which  extends  from  the  upper  to  the  tower  head,  and  from 
the  ball  to  the  side  of  the  chamber*  The  disk  is  slotted 
fit  over  this  partition.     The  roller  d,  which  touches  the 

■^sttid  €^  central  with  the  spherical  chamber,  compels  the  disk 
to  always  touch  the  upper  and  lower  heads.  Since  the  heads 
are  fmstums  of  cones,  and  since  the  disk  is  a  flat  plate,  it 
follows  that  the  latter  is  in  contact  with  the  upper  heads 
only  alonj^  a  single  line.  Referring  to  Fig.  3,  which  is  a 
section  taken  through  the  outlet  port  b,  Fig,  4,  let  the  disk 
be  depressed  until  it  occupies  its  lowest  position  in  front 
of  the  inlet  port;  then  the  disk  will  touch  the  upper  head 
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jnst  about  opposite  the  partitions,  Fig,  4,  The  inflowing 
water  fills  the  space  from  the  inlet  port  to  the  line  of  contact 
of  the  disk  with  the  upper  head;  it  tends  to  force  the  disk 
from  the  latter.  But  since  the  roller  t/  prevents  this,  the 
disk  gyrates  J  i*  e.,  rolls  along  the  conical  surfaces  of  the 
heads.  As  the  disk  keeps  on  rolling,  it  soon  opens  the  out- 
let port,  the  momentum  of  the  water  on  the  under  side  of 
the  disk  forcing  the  water  on  the  upper  side  of  the  latter  out 
into  the  outlet  port.  The  disk  is  now*  in  reference  to  the 
inlet  port,  in  its  hiifhest  position;  hence,  touches  the  lower 
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head  just  about  opposite  the  bridge  c.  Fig.  4,  The  inflow- 
ing water  now  tends  to  force  the  disk  from  under  the  head; 
but,  since  this  cannot  take  place,  the  disk  gyrates  in  the  same 
manner  as  before.  Thus,  it  is  seen  that  at  aUemate  ifyra- 
tions  the  inflowing  water  is  above  and  below  the  disk;  hence, 
the  outflowing  water  is  discharged  alternately  above  and 
below  the  dtsk.  Each  gyration  of  the  disk  displaces  the 
entire  contents  of  the  chamber,  and  this  quantity  is  regis- 
tered, in  ctabic  feet,  on  the  dials  above. 
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8*  Meters  should  be  so  placed  that  their  dials  can  be 
seen  readily.  The  method  of  reading  dials,  the  ordinary 
arrangement  of  which  is  shown  in  Fig.  5,  is  about  the  same 
in  all  kinds  of  meters.  The  figure  to  be  taken  is  always  the 
one  that  the  pointer  has  last  passed,  and  not  the  one  it  is 
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approaching.  The  figure  that  is  indicated  on  the  dial  marked 
10  must  be  put  down  first;  that  is,  in  the  untts  place.  To  the 
left  of  it  pot  down  the  figure  indicated  on  the  dial  marked  JOO; 
to  the  left  of  that  put  down  the  figure  indicated  on  the  dial 
marked  1000^  and  so  on.  Thus,  the  dials  in  Fig.  5  indicate 
6,417  cubic  feet.  The  small  dial  marked  one  foot  indicates 
only  fractions  of  a  cubic  foot.  To  find  the  quantity  of  water 
that  has  passed  through  the  meter  in  any  certain  time,  sub- 
tract the  previous  reading  from  the  later  one. 


^ 


9p  Great  care  must  be  taken  to  protect  the  meter,  by 
means  of  a  fine  strainer^  from  the  entrance  of  fish,  sand^  etc. 
The  principal  working  parts  of  ordinary  water  meters  are 
usually  made  of  hard  rubber,  which  is  quickly  destroyed  by 
hot  water,  \i  there  is  any  danger  of  hot  water  flowing  back 
from  the  boiler  to  the  meter,  its  working  parts  should  be 
made  of  brass  or  bronze,  or  a  check-valve  should  be  placed 
on  the  house  side  of  the  meter.  If  a  check- valve  is  used,  a 
safety  valve  must  be  fitted  to  the  kitchen  boiler  to  prevent 
the  accumulation  of  an  undue  pressure  due  to  the  expansion 
of  the  water.  The  requirements  of  a  good  meter  are  that  it 
shall  measure  accurately  all  the  water  that  flows  through  it. 
w^hether  it  passes  as  a  very  small  stream  or  is  of  the  full 
capacity  of  the  pipe.  The  working  parts  should  be  durable, 
so  that  the  accuracy  of  the  meter  may  be  maintained  for  a 
loDg  time.  The  meter  should  offer  as  low  a  resistance  to 
the  flow  of  the  water  as  possible.  It  should  always  be  set 
level,  to  secure  proper  operation  of  the  working  parts,  and 
should  be  placed  on  the  main  service  pipe,  close  to  the  point 
where  it  enters  the  premises,  with  a  waste  cock  or  valve  on 
the  side  next  to  the  mains,  so  that  the  water  may  be  drained 
from  the  meter  when  desired.  An  air  chamber  of  suitable 
size  should  be  attached  to  the  inlet  side  of  the  service  pipe 
close  to  the  meter,  to  absorb  all  the  shocks  that  occur  in  the 
pipes.  Red  or  white  lead  should  not  be  used  in  screwing 
up  joints  in  meter  connection s»  or  the  pipe  that  joins  the 
meter  to  the  source  of  water  supply,  because  some  of  this 
substance  is  liable  to  reach  the  interior  working  parts  and 
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clog  their  movements.     All  meters  should  be  carefully  pro- 
tected from  frost. 

10.  The  accuracy  of  a  water  meter  may  be  tested  by 
weighing  the  water  that  passes  through  it.  Several  tests 
should  be  made,  drawing  the  water  slowly  in  some  tests 
and  as  rapidly  as  possible  in  others.  An  ordinary  barrel 
will  hold  about  5  cubic  feet,  or  between  850  and  400  pounds 
of  water,  and  is  of  convenient  size  to  hold  water  for  this 
purpose.  

MOVEMENT    OF    WATER 

11.  Water  Hammer. — The  shock  that  is  felt  in  a  pipe 
when  the  flow  of  water  through  it  is  abruptly  stopped,  is 
called  Mrater  hammer.  It  is  very  destructive  to  piping 
and  fixtures,  because  a  shock  that  is  caused  at  one  point  is 
felt  throughout  the  entire  line  of  pipe,  and  damage  is 
inflicted  on  everything  connected  with  it.  The  term  water 
hammer  is  also  applied  to  the  loud  humming  noise  fre- 
quently made  by  water  pipes  when  the  faucet  is  opened,  and 
also  to  the  rumbling  and  snapping  noise  made  by  kitchen 
boilers  and  hot-water  pipes. 

The  cause  of  the  trouble  is  quite  different  in  the  several 
cases.  In  the  first  case,  the  movement  of  the  entire  column 
of  water  from  the  faucet  to  the  main  is  suddenly  arrested. 
The  water  having  no  elasticity  will  not  compress  and  thus 
momentarily  absorb  its  own  momentum;  consequently,  the 
momentum  of  the  entire  moving  column  of  water  is  expended 
on  the  pipes  and  cocks.  If  they  were  sufficiently  elastic, 
the  momentum  of  the  water  would  be  absorbed  quietly  and 
without  noticeable  shock,  but  as  they  are  very  inelastic,  a 
heavy  blow  results.  If  the  pipes  are  capable  of  stretching 
or  yielding,  every  shock  will  slightly  enlarge  them.  In  the 
course  of  time  the  enlargement  will  result  in  numerous 
leaks.  If  a  lead  pipe  has  a  thin  or  weak  spot  in  yj;  the  pipe 
will  swell  out  and  finally  burst  at  that  point. 

The  remedy  for  water  hammer  is  to  use  on  the  pipes  air 
chambers  that  will  cushion  the  shocks,  and  to  use  slow- 
closing   faucets,   such   as  compression  bibs. 
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The  trouble  in  the  second  case  is  usually  due  to  inter- 
ference of  the  currents  of  water  within  the  pipe,  which 
frequently  occurs  at  the  point  where  a  branch  is  taken  off, 
and  is  very  liable  to  occur  in  a  long  line  of  pipe  of  small 
diameter   in   which    the  velocity   of  flow  is  high*     A  very 

riimilar  sound  is  caused  by  the  dancing  or  chattering  of  a 
Talve  oo  its  seat.  The  hammering  results  from  the 
momentary  checking  and  starting  of  the  water  column, 
which  is  repeated  with  great  rapidity.  This  action  is  similar 
to  that  of  a  hydraulic  rara,  and  is  very  destructive  to  piping. 
The  hammering  noise  usually  heard  in  a  kitchen  boiler 
isj  due  to  the  formation  of  steam  in  the  waterback.  The 
bubbles  of  steam  travel  toward  the  boiler  until  they  encounter 
w^ater  that  is  cool  enough  to  condense  them,  which  occurs 
usually  at  the  coupling  at  the  side  of  the  boiler.  The  con- 
densation is  nearly  instantaneous,  and  the  volume  of  the 
condensed  steam  or  water  being  only  a  fraction  of  that  of 
the  live  steam,  a  vacuum  is  formed.  Water  rushes  into  this 
space  from  all  directions,  and  there  being  nothing  present  to 
cushion  the  blow,  the  particles  of  water  collide  with  great 
force.  This  trouble  i^i  most  liable  to  occur  when  the  water 
in  the  boiler  is  heated  nearly  to  the  boiling  point  and  the 
circulation  through  the  waterback  is  sluggish, 

A  rumbling  noise  is  sometimes  heard  in  the  bniler  when  a 

iot*w^ater  faucet  is  opened.     This  is  due  to  the  fact  that  the 

water  is  heated  up  to  the  steaming  point,  and  as  soon  as  the 

^pressure  is  reduced,  as  occurs  by  opening  the  faucet,  steam 

^Ks  instantly  liberated    in    the   boiler,  or  is   formed   in   the 

^n^aterback* 

"  12.  Air  Chnmbers*  — In  order  to  cushion  the  shocks 
that  accompany  the  sudden  stoppage  or  irregular  move- 
ments of  the  water  within  pipes,  air  chnmberH  are  used 
on  them.  For  many  purposes  these  consist  merely  of  a 
dead  end  of  pipe  filled  with  air,  and  so  arranged  that  the  air 
will  not  escape,  or  be  carried  away,  by  the  current  of  water. 
Air  chambers  of  larger  capacity  are  used  on  pumps  and 
hydraulic  rams,  not  only  to  ease  off  the  shocks  of  the  water 
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column  but  to  equalize  the  flow  of  the  water,  which  would 
otherwise  be  intermittent.  All  natural  water  carries  in  solu- 
tion some  air  or  gas  that  is  easily  disengaged  from  the 
water  by  a  change  of  temperature  and  by  a  decrease  in  the 
pressure.  Thus,  at  many  points  in  a  system  of  water  pipes, 
air  is  liberated  in  the  shape  of  small  globules,  or  bubbles. 
These  collect  at  the  high  points  in  the  system,  or  in  the 
dead  ends  of  pipe;  hence,  the  air  chamber  should  be  placed 
near  the  ends  of  the  pipes,  or  at  the  highest  point. 

Under  high  pressures,  air  chambers  are  nearly  useless, 
because  the  water  will  absorb  the  air  from  them,  but  the 
absorption  can  be  retarded  in  the  larger  air  chambers  attached 
to  pumping  machinery  by  pouring  a  little  olive  oil,  or  other 
sweet  oil,  into  the  chamber.  The  oil  floats  on  the  water 
and  forms  an  air-tight  partition  between  the  water  and  the 
air,  but  it  must  be  renewed  at  intervals.  Another  means  of 
retaining  the  elasticity  of  the  air  chamber  is  to  fill  it  with 
soft  rubber  balls,  either  hollow  or  solid.  These,  however, 
will  be  destroyed  by  hot  water. 

13.  Air  Locks. — Trouble  is  often  caused  in  low-pressure 
water-supply  systems  by  air  becoming  trapped  in  a  supply 
pipe  and  stopping  the  flow  of  water;  this  stoppage  is  known 
by  the  name  of  air  lock. 

The  effect  of  air  locked  in  water  pipes  may  be  illustrated 
by  bending  some  2-inch  glass  tubing  and  connecting  it  to  a 
glass  cylinder,  as  shown  in  Fig.  6,  and  then  slowly  filling 
the  cylinder  with  colored  water.  Water  will  rise  slowly  in  the 
columns  a  and  b,  the  water-lines  of  which  will  be  precisely 
level  with  that  in  the  cylinder  until  the  column  a  is  entirely 
filled.  By  continued  pouring  into  the  cylinder,  water  will 
overflow  a,  trickle  down  the  inside  surface  of  r,  and  gather 
in  the  bottom  of  the  columns  c  and  e.  Thus  far  the  water- 
lines  in  the  cylinder  and  b  will  remain  level  with  that  in  a. 
Air  is  now  locked  in  the  column  c  by  water  above  and  below  it, 
and  the  pressure  of  this  air  is  equal  to  that  of  the  atmosphere. 
As  water  continues  to  flow  into  the  cylinder,  it  rises  in  the 
tubes  e  and  c\  but  since,  when  rising  in  c^  it  compresses  the 
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"air  contained  in  this  column,  it  must  also  rise  in  e  to  form  a 
head  that  will  cause  the  compression  in  c.  Thus>  while  the 
water  rises  bui  slightly  in  c,  it  will  continue  to  rise  in  e  until 
it  reaches  the  top,  when  it  will  overflow  and  trickle  down  the 
interna!  surface  o(  the  column  f,  just  the  same  as  it  trickled 
down  e.  During  the  process  of  filling  the  column  e,  water  in 
the  cylinder  and  in  the  column  d  will  rise  a  distance  equal 
to  the  vertical  height  ot  e.  Continued  pouring  of  water  into 
the  cylinder  will  cause  the  water  in  a  to  overflow  into  f ,  €  to 

^  overflow  into  /,  and  a  consequent  head  to  be  formed  in  the 


f\ 
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column^,  until  the  cylinder  is  filled  to  a  point  about  2  inches 
from  the  top,  as  sh6wn;  the  head  in  k  w*ill  correspond  to  the 
increased  head  in  the  cylinder. 

In  order  to  obtain  a  complete  and  thorough  understanding 
of  the  cause  of  this  phenomenon,  the  pressures  at  the  several 
points  of  the  apparatus  should  be  considered.  It  is  evident 
that  the  pressures  are  in  equilibriuni  because  all  the  fluid  is  in 
a  static  condttion;  it  requires  unequal  pressures  to  cause  a  flow* 
Suppose  that  the  depth  of  the  water  in  the  cylinder,  above 
the  inlet  opening  to  the  tithes,  is  IS  inches.     The  vertical 
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height  of  the  columns  a,  r,  Cy  and  /  is  8  inches,  and  the  height 
of  the  column  Xr  is  2  inches,  as  marked  in  the  figure.  The 
pressure  on  the  top  of  the  column  a  is  equal  to  that  due  to 
the  head  h,  which  is  18  —  8  =  10  inches. 

Assuming  that  the  air  in  c  has  no  weight,  the  pressure  at 
the  base  of  c  is  equal  to  that  on  top  of  a.  The  pressure  on 
top  of  e  is,  therefore,  equal  to  the  pressure  due  to  the  head  h 
minus  that  due  to  the  head  in  e^  which  will  be  10  —  8 
=  2  inches.  Since  the  air  in  /  has  practically  no  weight,  it 
follows  that  the  pressure  in  the  base  of  /  must  also  equal 
that  due  to  a  head  of  2  inches,  and  this  head  is  obtained  in 
the  column  k.  Hence,  a  hydrostatic  head  of  18  inches  in  the 
cylinder  is  resisted  by  three  smaller  heads  ^r  water  col- 
umns «,  €y  and  k,  which,  if  placed  on  top  of  one  another, 
would  cause  a  vertical  head  of  8  +  8  +  2  =  18  inches,  equal 
to  that  in  the  cylinder. 

14.  Again  refer  to  the  tubing  to  the  right  of  the  cylin- 
der. While  water  was  rising  in  the  cylinder  it  also  rose 
in  b,  and  the  water-lines  remained  constantly  level  until  b 
overflowed  into  d\  that  is,  when  the  water  in  the  cylinder 
was  15  inches  above  the  inlet  orifice  to  b.  The  water  over- 
flowing into  d  soon  closed  the  return  bend  at  the  base,  locked 
the  air  in  </,  and  rose  to  a  height  of  3  inches  in  g^  which  is 
open  to  the  atmosphere  as  shown,  and  would  rise  no  higher 
when  the  head  in  the  cylinder  was  18  inches.  The  15-inch 
head  in  b  and  the  3-inch  head  in  g  precisely  counterbalance 
the  IS-inch  head  in  the  cylinder.  If  a  cock  /  is  tapped  into 
g  at  a  point  1  inch  below  the  water-line  in  g^  and,  conse- 
quently, IG  inches  below  the  water-line  of  the  source  of 
supply,  and  this  cock  is  opened  while  everything  is  in  equi- 
librium, water  will  flow  from  /  very  slowly,  because  the 
eflcctive  head  causing:  a  flow  from  the  cylinder  to  /  is  only 
1  inch,  even  thouj^h  the  ai)parent  head  is  16  inches.  If  the 
small  petcock  u  at  the  top  of  b  be  now  opened,  the  air  in  d 
will  immediately  escape  to  the  atmosphere,  because  the  pres- 
sure in  d  is  «^reater  than  that  of  the  atmosphere  by  about 
\\  inches  of  water  column.     Water  in  the  cylinder  will  then 
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flow  freely  into  d  to  replace  the  air,  and  when  u  is  closed, 
water  will  rise  in  g  to  a  level  with  that  iii  the  cylinder. 
This  will  now  give  the  full  effective  head  in  g\  the  water 
will  flow  from  /  under  a  greater  pressure  and,  consequently, 
with  a  greater  velocity,  which  is  equivalent  to  a  correspond- 
ingly greater  volume  discharged  in  a  given  time.  If  the  air 
be  extracted  from  the  tubes  /  and  c  by  vent  cocks  or  air-relief 
pipes  attached  to  the  top  of  the  upper  curves,  or  if  the  air  be 
forced  out  of  the  open  end  by  pouring  water  rapidly  into  the 
cylinder,  water  will  flow  from  the  orifice  of  the  column  k 
with  a  velocity  corresponding  to  a  18  —  2  =  16-inch  head  in 
the  cylinder- 
is*  A  priiCtical  illustration  of  an  air  lock  in  a  plumbing 
system,  as  it  applies  to  tanks  or  other  vessels  depending  on 
one  another  for  their  supply,  is  shown  in  Fig.  7,  The  tank  A^ 
which  supplies  water  to  the  plinnbing  fixtures  in  a  building, 
is  filled  with  water  by  a  pump,  through  the  delivery  pipe  fl, 
and  is  fitted  with  a  cold-water  distributing  pipe  b,  expansion 
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pipe  c,  telltale  d^  and  standing-waste  overflow  r,  Stippose 
that  extensions  have  been  made  to  the  building  and  more 
plumbing  has  been  installed-  The  tank  A  is  then  too  small 
to  store  the  proper  amount  of  water  to  supply  the  entire 
building  for  a  reasonable  length  of  time  without  compara- 
tively frequent  refilling;  hence,  another  tank  //  is  installed. 
This  second  tank  is  set  at  such  a  height  that  its  top  is  level 
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with  the  top  of  A,  and  it  is  supplied  with  water  by  a 
communication  pipe  i  that  joins  the  bottom  of  each  tank,  as 
shown.  This  is  done  to  overcome  installing  a  separate 
delivery  pipe,  a  telltale  pipe,  and  an  overflow  pipe  for  the 
tank  B,  the  supposition  being  that  when  A  is  filled  by  the 
pump,  the  tank  B  will  also  fill  up;  this  it  certainly  would  do 
if  air  did  not  become  locked  in  the  pipe  i. 

From  what  has  been  said  regarding  the  formation  of  air 
locks,  it  will  be  seen  that  the  pipe  i  will  become  air  locked 
between  the  points  m  and  (?,  because  of  the  pocket  p  that  has 
been  made  in  order  to  clear  the  lower  flange  of  a  steel 
beam  g,  and  the  loss  of  head  in  B  will  equal  the  vertical 
height  of  the  air  column,  as  represented  by  the  distance  n. 
There  are  several  ways  by  which  this  air  lock  may  be 
avoided;  that  is,  by  which  the  air  in  the  pipe  may  freely 
escape  to  the  atmosphere,  and  the  pipe  i,  consequently,  be 
permitted  to  fill  with  water.  One  method  is  to  make  a  con- 
nection to  the  side  of  the  tank  A,  as  shown  by  dotted  lines 
at  r,  instead  of  to  the  bottom;  another  method  is  to  leave 
the  bottom  connection  as  it  is  and  fit  a  small  air  relief  pipe  5, 
shown  by  dotted  lines,  the  upper  end  of  which  is  bent  over 
the  tank  and  the  lower  end  joined  to  the  highest  point  of  the 
air-bound  part  of  /.  Either  of  these  simple  changes  will 
effect  a  permanent  remedy,  and  the  water-line  in  A  will  then 
always  be  level  with  that  in  B  when  no  water  is  being  drawn 
from  either  of  the  tanks. 

16.  There  are  many  ways  by  which  house  plumbing 
becomes  air  bound,  but  the  effects  of  the  air  accumulations  are 
chiefly  observed  in  low-pressure  systems,  as,  for  instance,  in 
those  systems  that  are  supplied  with  water  by  house  tanks. 
The  reason  of  this  is  that  the  pressure  due  to  the  head 
between  the  air  locks  and  the  tanks  is  usually  too  low  to  force 
the  air  out  of  the  pipes.  It  is  different,  however,  when  the  sys- 
tem is  under  hi^rh  pressure,  because  then  the  pressure  is  usually 
sufficient  to  force  the  air  out  of  the  pipes  along  with  the  water. 

1  7.  A  common  cause  of  air  lock  in  a  building  is  that  in 
which  a  lead  hot-water  pipe  is  run  over  the  floorbeams  for  a 
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onsiderable  distance,  and  where  the  pipe  is  not  supported 

uniformly  throughout  its  length.  A  good  example  of  this  is 
shown  in  Fig.  8*  The  tank  a  feeds  the  boiler  and  the 
plumbing  fixtures^  the  pipe  It  being  the  cold- water  distribu- 
ting pipe,  and  £  the  hot-water  distributing  pipe*  The  hot- 
water  and  cold-water  pipes  that  supply  the  wash  basin  d  are 
run  under  the  floor  in  notches  cut  in  the  joists,  and,  being 
unsupported  betw^een  the  joists,  have  sagged,  as  at  e*     If  the 
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water  be  now  shut  off  by  closing  the  stop-cock  /  under  the 
tank,  and  the  cocks  at  the  basin  (f  and  at  the  kitchen  sink  be 
then  opened  to  drain  the  pipes,  the  pipe  ^  will  be  emptied,  or 
nearly  so,  and  air  flowing  in  through  the  open  cocks  at  t/  will 
replace  the  water  that  leaves  e.  Of  course,  a  certain  quantity 
of  water  will  reniain  in  each  pocket  or  lower  curve  in  e^ 
but  each  upper  curve  will  be  full  of  air»  When  the  water  Is 
again  turned  on  by  opening  ft  owing  to  the  low  pressure  and 
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the  resistance,  frictional  and  otherwise,  the  water  will  not 

flow  through  e  with  sufficient  velocity  to  force  the  air  out  of 

the  upper  curves;  consequently,  air  is  locked  in  each  curve 

and  the  pipe  is  thus  air  bound. 

Suppose  that  the  head  A  is  4  feet  and  that  there  are  thirty 

air  locks  in  e,  each  lock  being  equivalent  to  a  loss  in  head 

of  2  inches;    then,   water  will  not  flow  into    the    basin  d^ 

because  while  the  apparent  head  is  4  feet,  the  loss  of  head 

80  X  2 
due  to  air  locks  is  — ^-  =  5  feet.     It  will  thus  be  seen 

that  the  water  will  rise  in  the  pipe  under  the  basin  d  only  to 
a  height  of  1  foot  below  the  basin  cock;  it  will,  however, 
flow  all  right  from  the  cocks  of  the  other  fixtures. 

In  order  to  remove  the  air  from  e,  it  will  be  necessary  to 
apply  a  pump  to  some  suitable  point  of  the  system  and  force 
water  through  e.  This  will  force  out  the  air  along  with  the 
water,  and  thus  subject  the  basin  d  to  the  full  benefit  of 
the  head  //.  Or,  if  a  pump  is  not  at  hand,  the  air  may  be 
forced  out  of  e  by  opening  and  suddenly  closing  the  bath 
cocks.  This  latter  method  will  cause  a  temporary  increase 
of  pressure  in  c  every  time  the  bath  cock  is  suddenly  closed, 
and  will  force  the  locks  one  at  a  time.  The  use  of  the 
pump  is,  however,  to  be  recommended  for  such  troubles, 
because  it  is  positive,  and  will  force  every  particle  of  air 
from  the  pipe,  while  the  other  method  will  not. 
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TANKS     FOK    GRAVITY    SUPPLY 

18.  (General  Considerations. — In  most  cities  supplied 
with  city  water  the  pressure  on  the  street  mains  is  sufficient 
at  all  times  to  supply  water  to  all  buildings.  When  such  is 
the  case,  house  tanks  are  seldom  used,  both  on  account  of 
the  expense  of  installation  and  because  water  drawn  from  a 
tank  is  never  so  cool  nor  so  fresh  as  water  drawn  directly  from 
street  mains.  Water-supply  systems  to  many  cities,  however, 
cannot  be  depended  on  for  a  pressure  that  will  always  be 
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great  enough  to  cause  the  water  to  rise  in  the  buildings 
and  supply  the  highest  fixtures.  In  such  cases  it  is  neces- 
sary to  use  tanks  in  which  a  quantity  of  water  may  be 
stored,  so  that  when  the  city  pressure  fails  there  will  be 
enough  water  in  the  tank  to  supply  the  building  until  the 
pressure  returns. 

The  type  of  tank  generally  used  for  this  purpose  is  an 
open  tank  located  above  the  level  of  the  highest  fixture  to 
be  supplied.  In  this  type  of  tank  the  water  is  subject 
only  to  atmospheric  pressure  and  falls  to  the  fixtures  by 
the  force  of  gravity  alone;  hence ^  they  are  called  gravity 
supply  tanks  ^ 

Gravity  supply  tanks  may  he  located  in  the  attic  of  a  build* 
ing,  on  the  roof  of  a  building^  or  on  a  separate  water  tower 
outside  of  a  building.  In  small  detached  cottages  and  city 
residences  the  house  tank  is  usually  located  in  the  attic,  and 
when  possible  is  placed  directly  over  the  bathroom,  so  as  to 
simplify  the  system  of  piping  and  economize  materials. 

In  placing  a  tank  in  a  buildings  the  plumber  or  engineer 
must  carefully  examine  the  building  under  the  tank  to  see  if 
the  partitions  come  over  one  another,  and  that  the  stresses 
due  to  the  load  of  the  tank  are  transmitted  straight  down  to 
the  cellar  floor*     If  the  tank  is  not  set  over  strong  partitions, 

e  ceiling  of  the  room  under  the  tank  will  invariably  sag 
and  the  plaster  will  crack,  and  probably  fall  down^  or,  if  the 
tank  is  extremely  heavy,  it  may  break  through  the  floor. 

F  19*  Material e  for  Tanks.— The  materials  of  which 
tanks  should  be  made  differ  with  the  locality,  the  kind  of 
water  used,  and  the  location  of  the  tank.  Round  cedar  or 
cypress  wood  tanks  made  of  staves  hooped  together  are  com- 
monly used  outside,  as  on  roofs  or  elevated  on  trestles. 
Round  steel  tanks  are  extensively  used  for  both  inside  and 
outside  locations*  Wood  tanks  used  inside  of  buildings  are 
usually  rectangular  in  form  and  lined  with  6-pound  sheet  lead 
or  16-ounce  sheet  copper,  tinned  on  the  inside. 

20,  To  determine  whether  lead  or  copper  will  make  the 
better  lining  for  any  particular  tank,  examine  some  tanks  that 
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have  been  used  for  storing  the  same  kind  of  water,  to  see 
what  effect,  if  any.  the  water  had  on  their  linings.  If  this 
cannot  be  done,  it  is  considered  good  practice  to  send  a 
sample  of  the  water  to  an  analyst,  who  will  advise  as  to  the 
best  kind  of  lining  for  the  water  under  consideration. 

If  it  is  found  that  the  solder  in  the  seams  becomes  rotten, 
no  solder  should  be  exposed  to  the  action  of  the  water.  In 
lead-lined  tanks,  this  is  easily  accomplished  by  burning  the 
seams.  In  small  copper-lined  tanks,  the  seams  should  be 
soldered  at  the  back;  but,  to  protect  the  soldered  seams  of 
large  copper-lined  tanks  it  is  necessary  to  paint  the  entire 
inner  surface  with  two  or  three  coats  of  shellac  varnish,  or 
with  a  paint  that  will  withstand  the  action  of  the  water. 

21.  Sheet  copper,  well  and  heavily  tinned  on  its  inside 
surface,  is  very  well  adapted  for  lining  tanks  to  contain  soft 
water.  A  block-tin  coating  is  insoluble  in  most  waters,  but 
it  is  just  as  soluble  as  lead  or  zinc  in  others.  The  results 
obtained  by  the  use  of  tinned  copper  for  soft-water  tanks 
are  so  satisfactory,  however,  that  this  metal  is  almost 
universally  employed  for  such  work. 

22.  Lead  forms  an  excellent  lining  for  tanks  that  store 
what  is  called  hard  water,  which  means  water  that  contains 
sulphates  or  carbonates  of  lime  or  magnesia,  because  a  thin 
insoluble  crust  of  either  a  sulphate  or  a  carbonate  is  formed 
on  the  inner  surface  of  the  lead,  and  protects  the  lead  from 
further  action  of  the  water. 

If  a  lead-lined  tank  is  employed  for  storing  soft  water, 
such  as  rain  water,  or  even  mineral  or  spring  waters  con- 
taining: certain  salts,  such  as  nitrates  and  chlorides,  the 
water  will  have  a  dissolving  influence  on  the  lead,  and  is, 
therefore,  liable  to  become  contaminated. 

23.  Tanks  made  of  impervious  materials,  such  as  porce- 
lain, 8:lass,  slate,  stoneware,  etc.,  are  also  used  for  storing 
drinking  water.  The  slabs  of  which  these  tanks  are  made 
are  usually  made  water-tight  at  the  seams  with  red  and  white 
lead  putty  and  are  held  in  position  by  staybolts,  which  bind 
the  opposite  sides  and  resist  the  water  pressure. 
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'  24*  Construction  of  Uoukb  TankB. — Plumbers  are 
expected  not  only  to  iine  tanks  with  sheet  metal*  and  thereby 
make  them  water-tight,  but  also  to  design  them  and  oversee 
their  construction;  therefore,  the  subject  of  designing  and 
constructing  rectangular  wooden  tanks  will  be  treated  rather 
extensively,  as  this  form  of  tank  is  generally  used  inside 

,  of  buildings. 

25.  Unlined  rectangular  wooden  tanks  are  difficult  to 
keep  water-tight;  consequently,  they  are  usually  lined  with 
sheet  metah  In  a  lined  tank  the  wooden  sides  and  bottom 
have  only  to  support  the  sheet-metkl  lining  and  resist  the 
hydrostatic  pressure,  but  are  not  required  to  be  water-tight. 
It  should  be  remembered  that  the  pressure  on  the  sides  of 
a  tank  depends  wholly  on  the  length  of  the  tank  and  the 
depth  of  the  water,  and  is  not  affected  by  the  width  of 
the  tank,  while  the  pressure  on  the  bottom  depends  on  its 
length*  width,  and  the  depth  of  the  water,  Thus»  with  an 
equal  depth  of  water,  a  tank  1  inch  or '  less  in  width  will 
have  exactly  the  same  bursting  pressure  on  its  sides  as  one 
10  feet  or  more  wide  and  of  the  same  length.  To  compen- 
sate for  the  increase  in  pressure  with  increase  in  depth,  the 
sides  and  bottoms  of  rectangular  wooden  tanks  should  be 
built  of  planking  proportioned  to  the  depth  of  the  tank;  thus, 
for  tanks  less  than  3  feet  deep,  la-inch  planks  should  be  used; 
for  tanks  from  3  to  6  feet  deep,  2-inch  planks  should  he  used, 
and  for  tanks  deeper  than  6  feet,  2i-inch  planks  should  be 
used.  The  outside  of  tanks  should  be  well  supported  with 
cross-braces  spaced  about  3  feet  apart  for  tanks  3  feet  deep, 
2i  feet  apart  for  tanks  between  3  and  6  feet  deep,  and  2  feet 
apart  for  tanks  of  greater  depth, 

I  26.  Two  methods  of  bracing  the  sides  of  a  rectangular 
tank  are  shown  in  Fig.  9,  The  sides  are  prevented  from 
bulging  outwards  by  vertical  posts  a  and  a,.  In  the  method 
illtistrated  at  the  left  of  the  figure,  the  posts  a  are  secured  in 
position  by  mortise-and^tenon  joints  f  to  the  horizontal  tim* 
hers  d,  dt  and  are  wedged  tight  by  wooden  wedges  €,e.  This 
bracing  is  not  so  strong  as  that  which  ties  the  post  a^,  which 
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is  held  in  position  at  the  top  and  bottom  by  wrought-iron 
bolts,  or  rods,  b,  b.  The  lower  rod  should  be  stronger  than 
the  top  rod.  All  the  bracing  timbers  must  run  crosswise  with 
the  planking  g,g,  and  fish-plates,  or  large  iron  washers,  /,  /, 
should  be  used  to  prevent  the  nuts  from  sinking  into  the 
wood.     The  ends  of  the  tank,  like  the  sides,  must  be  sup- 


Fio.  9 

ported  by  posts  and  tie-rods.  The  bottom  tie-rods  will  neces- 
sarily pass  through  the  sills.  These  must  never  be  notched 
to  pass  the  rods,  but  holes  for  that  purpose  should  be 
drilled  along  the  center  line  of  the  timber,  making  the 
holes  I  inch  larger  than  the  rods,  for  convenience  in  pushing 
them  through. 

27.  A  large  open  house  tank  is  shown  in  Fig.  10;  it  is 
8  feet  long,  5  feet  wide,  and  4  feet  deep.  The  planking  is 
white  pine  2  inches  thick  and  free  from  knots.  The  planking 
of  the  ends  is  let  into  the  side  planking  about  i  inch,  as 
shown  at  a,  and  the  sides  are  held  together  by  iron  tie-rods  h 
and  braces,  side  posts,  or  stiffeners,  r,  f,  the  lower  ends  of 
which  are  secured  by  mortise-and-tenon  joints  into  the  tim- 
bers d,  d,  etc.,  which  also  support  the  bottom  planking  of  the 
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tanlc.  Particolar  care  must  be  taken  when  cut  tin  ij  the  sills  d^  d 
to  allow  enough  of  the  timber  to  project  beyond  the  mortise 
hole  to  form  a  grood,  unyielding^  abutment  for  the  tenon,  or 
the  wedge,  as  the  case  may  be.  Althou^jh  a  brace  is  not 
absolutely  necessary  to  prevent  the  ends  of  the  tank^  in  this 
case,  from  buJgini^,  it  is  better  to  use  one  at  each  end,  as 


:',ini'pJ^^^i 


itOc> 
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shown  at  j^^Xi  so  that  the  ends,  like  the  sides,  will  be  practi- 
cally unyielding.  These  braces  are  drawn  toj^ether  by  iron 
tie-rods  above  and  below  the  tank,  the  lower  rod  running 
through  holes  drilled  in  the  neutral  axes,  or  middle  of  the 
limbers,  d^  d. 

Should  the  tank  be  over  5  feet  deep,  it  becomes  necessary 
to  tie  the  braces  together  at  suitable  points  in  their  length, 
so  as  to  avoid  the  use  of  too  heavy  braces.  This  is  accom- 
plished by  running  tie-rods  entirely  through  the  tank,  and 
protecting  them  from  the  action  of  the  water  by  slip  tubes 
wiped  to  the  tank  lining, 

28*  Small  tanks  that  require  to  be  neatly  made  and 
strongly  built  can  be  made  as  shown  in  Fig.  II  when  they 
do  not  exceed  in  s\ze  4  feet  by  3  feet  by  2  feet  deep.  Their 
sides  <f,  ^  and  ends  i^,  f>  can  be  joined  together  at  their  corners 
by  dovetailed  joints,  which  are  reen forced  by  nails,  shown  by 
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dotted  lines.  The  sides  and  ends  are  then  carefully  squared 
and  the  bottom  is  spiked  on,  the  nails  being  shown  by  dotted 
lines.      These  nails,  or  spikes »  prevent  the  lower  parts  df 

the  sides  and  ends  from 
spreading,  and,  con- 
sequently, preserve  the 
lining. 
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29,  When  a  wooden 
house  tank  is  filled  with 
water,  it  tends  to  bulge 
outwards,  and  when  it 
is  emptied  it  returns 
nearly  to  its  original 
shape.  There  is  usually 
more  injury  done  to  lead 
tank  linings  by  the  opening  and  dosing  of  angles  and  sharp 
curves,  when  the  sides  and  ends  of  the  tank  yield  under  the 
pressure^  than  is  done  by  corrosion.  This  is  due  to  the 
fact  that  lead  has  little  elasticity,  and,  consequently,  can- 
not successfully  with- 
stand repeated  bending 
at  the  same  point. 

Fig,  12  shows  a  sec- 
tion of  a  wiped  seam 
in  the  bottom  angle  of 
a  lead  lining.  It  clearly 
illustrates  why  lead 
lining  in  a  poorly  made 
tank  will  not  long  re- 
main water-tight  unless 
a  constantly  uniform 
water  level  is  main- 
tained. The  view  is 
supposed  to  be  taken  at 

about  the   middle  of    the   tank,  because    this  is  the 
where  the  side  a,   if    unsupported,   will    spread    out 


^ 
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place 
most. 
When  the  tank  was  made,  the  lowest  side  plank  a  was  spiked 
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closely  agalast  the  bcittafD  plank  ^.  axid«  of  covirse,  tbe  Imins 
was  put  m  to  fit  sno^ly  mto  tbe  angles  aod  then  wiped  in 
sttion«  As  tbe  tank  fiUed  with  water,  the  pi'i^^tue  on 
the  side  became  too  great  for  the  spikes  to  resist;  heikce» 
they  w^e  drawo  out  to  the  extent  shown,  and  the  pJank  m 
btilged  outwards  abom  i  inch.  The  lead  lining,  however, 
fitted  sDugly  against  the  woodwoi^  and,  wheo  the  plank  a 
bulged  outwards,  offsets  were  formed  along  the  edges  of  the 

older  t,  as  shown  at  d  and  e^  which  weakened  the  metal  at 
those  points.  Notwlihstaoding  this  defect,  the  lining  would 
last  a  reasonable  length  of  time  if  the  offsets  in  the  metal 

id  not  change  their  shape.  If,  however,  the  side  a  shonld 
spring  back  to  its  origioai  form  when  the  tank  is  emptied, 
or  shonld  the  lioitig  change  mnch  in  temperatare,  and 
thereby  cause  the  offsets  to  compensate  for  the  expansion 
and  contraction  of  tbe  sheets,  the  metal  along  the  edge  of 
the  wiping  would  soon  become  brittle  to  a  certain  extent,  a 
crack  finally  being  formed  along  the  edges  of  the  wiping. 

30*     Repairs  to  metaHlned  tanks  are  frequently  tedious 

(to  make  because  of  the  difficulty  in  Ending  leaks.  Gener- 
ally, however,  they  are  on  the  bottom  and  often  at  the 
seams.     If   the  lining  shows  signs  of  pinholes  or  serious 

t corrosion,  it  is  advisable  to  reline  the  tank  at  once,  without 
attempting  to  patch  it. 
31.  Open  steel  tanks  are  usually  made  from  steel  plates, 
i  inch  to  }  inch  thick,  riveted  together  and  calked  so  as  to 
be  made  water-tight-  Such  tanks  are  usually  rectangular  in 
shape,  although  almost  any  design  can  be  obtained  on  a 
special  order* 

Steel  tanks  should  be  set  on  a  Hat,  solid  platform  to  pre- 
vent the  bottom  seams  being  strained  by  the  sheets  bulging 
with  the  pressure.  To  prevent  corrosion,  steel  tanks  should 
be  painted  both  outside  and  inside  with  two  coats  of  paint, 
composed  of  pure  red  ]ead»  pure  boiled  linseed  oil,  and  just 
enough*  white  lead  worked  in  to  give  the  paint  a  body 
and  prevent  the  red  lead  from  settling  to  the  bottom  of  the 
paint  pot.     Then,  after  the  tank  has  been  set  and  all  pipe 
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connections  made,  the  inside  should  be  painted  with  one 
coat  of  asphaltum. 

32,     ConueotlDtis  to  Tanks, — The  pipe  connections  to 

house  tanks  may  be  made  in  different  ways.  Fig,  13  shows 
a  lead-lined  tank  with  the  several  connections  that  are  most 
commonly  made  in  practice.  The  soldered  seams  at  a  and  ^ 
and  the  solder  dots,  or  bLilTs  eyes^  c^c  are  all  wiped.  An  oval 
funnel-mouth  overflow  is  wiped  to  the  side  at  d.  This  over- 
flow may  discharge   through  the   roof   or  may  be   carried 


'-\ 
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down  and  discharge  into  a  water-supplied  fixture,  such  as  a 

safe-waste  sink  in  the  basement.  A  telltale  pipe  J  inch  in 
diameter  is  wiped  to  the  side  of  the  tank  at  e^  a  point 
about  \  inch  below  the  level  of  the  bottom  of  the  over- 
flow opening.  This  telltale  is  used  only  when  the  tank  Is 
supplied  by  a  purap.  and  is  intended  to  indicate  when  the 
tank  is  full.  The  lower  end  of  the  telltale  pipe  discharges 
openly  into  a  plumbing  fixture  near  the  pump.     When  the 
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tank  is  full,  water  flows  down  the  telltale  pipe  and  is  seen 
by  the  person  at  the  pump:  or.  the  telltale  may  be  used  to 
automatically  stop  the  action  of  a  power  pump.  The  pipe 
shown  passing  up  through  the  bottom  of  the  tank  and  wiped 
at  /  supplies  the  kitchen  boiler  with  cold  water;  generally, 
this  pipe  is  also  allowed  to  supply  cold  water  to  the  plumb- 
ing fixtures  J  this  method  gives  satisfaction  provided  that 
the  tank  is  refilled  as  soon  as  it  becomes  empty.  But,  in 
cases  where  the  pumping  is  liable  to  become  neijlectedj  a 
separate  pipe  may  be  run  to  supply  cold  water  to  the  plumb- 
in  f^  fixluresj  allowing  the  inlet  end  to  be  about  6  inches 
above  the  bottom  of  the  tank,  as  show^n  at  ^.  Water  then 
fails  to  tiow  from  the  cold-water  faucets  before  the  supply  to 
the  boiler  is  stopped,  and  helps  to  prevent  trouble  due  to 
steam  being  formed  in  the  boiler.  The  pipe  h  shown 
turning  over  the  top  of  the  tank  with  a  gooseneck  bend 
is  the  discharge  pipe  from  a  pump.  If  the  water  makes  too 
much  noise  in  falling  into  the  tank  from  A,  a  deafening  pipe 
may  be  used.  This  is  simply  a  pipe  one  or  two  sizes  larger 
than  h^  the  tipper  end  of  which  is  slipped  about  2  inches 
over  the  discharge  end  of  //,  the  lower  end  resting  on  the 
bottom  of  the  tank.  A  number  of  large  holes  are  cut  in 
the  deafening  pipe,  commencing  about  6  inches  above  the 
bottom,  throujfh  w^hich  the  water  will  flow  to  the  tank.  The 
slip  joint  at  the  top  must  be  sufficiently  loose  to  allow  air  to 
freely  flow  into  ^  and  prevent  the  water  in  the  tank  from 
being  siphoned  back  to  the  w^ell  through  the  pump,  should 
the  pump  valves  leak. 


33,  Tanks  above  roofs  are  usually  elevated  a  few  feet 
in  order  that  connections  may  conveniently  be  made  under- 
neath, and  that  the  tanks  may  be  protected  from  frost  by 
suitable  casings.  Tanks  in  sheltered  positions  are  usually 
set  on  flat  floors,  with  the  pipe  connections  leading  from 
their  sides. 

The  usual  manner  of  supporting  and  connecting  a  house 
tank  above  a  flat  roof  is  shown  in  Fig,  14,  The  tank  a  is 
supported  by  two  8-inch  I  beams  b  resting  on  walls  of  the 
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building,  wooden  beams  c,c  being  placed  between  the  bot- 
tom of  the  tank  and  the  top  of  the  I  beams  in  order  that  the 
bottom  edge  d  of  the  tank  may  come  clear  of  the  I  beams. 
The  supply  pipe  e  enters  the  tank  through  the  bottom  and 
extends  to  above  the  water  level,  where  it  is  secured  to  the 


Fig.  14 


side  of  the  tank.  A  ball-cock  /,  connected  to  the  supply  pipe 
near  the  top,  controls  the  supply  of  water  to  the  tank  and 
automatically  shuts  it  off  when  it  reaches  a  ceftain  level. 
An  overflow  pipe  g  discharges  on  to  the  roof,  and  its  inlet 
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^aips  into  the  water  to  prevent  currents  of  air  from  circula- 
ting through  the  pipe.  An  emptying  pipe  h  connects  to  the 
overflow  pipe,  or  may  discharg:e  independently  on  to  the 
roof.  The  supply  pipe  i  to  the  building  enters  the  bottom 
of  the  tank. 

Il  34*  Connections  to  steel  tanks  should  be  made  by  the 
use  of  tapped  flanges,  commonly  called  spuds,  riveted  to  the 
tank  shell  as  shown  in  ..^^^     ^ 


Fig.  \h.  The  spud  a 
is  tapped  to  receive 
an  iron  pipe  h  and  is 
riveted  to  the  tank 
body  c  as  shown.  A 
sketch  giving  the 
exact  location  and 
size    of   these    tap* 
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pings  should  always  be  sent  to  the  factory  where  the  tank  is 
to  be  built. 

f  35  <  Should  it  be  necessary  to  make  a  pipe  connection 
to  a  steel  tank  at  a  point  where  there  is  no  spud,  the  con- 
nection can  be  made  as  shown  in  Fig,  16.  A  long  thread 
is  cut  on  the  end  of  the  pipe  a,  and  a  locknut  h  is  screwed 

on  the  pipe,  A  gasket  c 
is  then  slipped  over  the 
thread  and  the  end  pushed 
through  the  tank;  another 
gasket  d  is  now  slipped 
over  the  thread  and  the 
locknut  €  solidly  screwed 
down.  This  joint  is  liable 
to  leak  because  of  the 
vibration  of  the  pipe,  and 
not  as  good  as  that  shown  in  Fig.  15. 
Connection  to  the  bottom  of  the  tanks  should  always  be 
made  with  an  oflTscl,  to  give  a  spring  piece  under  the  tank 
that  will  compensate  (or  vibration  or  a  settling  of  the  pipe 
or  the  tank* 
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36.  .  Every  open  supply  tank  should  be  provided  with  an 
overflow  pipe  to  remove  surplus  water  that  may  be  dis- 
charged into  the  tank,  and  thus  prevent  it  from  overflowing. 
Ball-cocks  frequently  leak  and  do  not  shut  off  when  the  tank 
is  full.  Pumping  may  even  be  continued  after  a  tank  is  full, 
through  neglect  of  the  party  at  the  pump,  or  failure  in  opera- 
tion of  a  pump  governor. 

The  size  of  an  overflow  pipe  depends  on  the  quantity  and 
character  of  the  supply  to  the  tank;  in  any  case,  it  must  be 
larger  than  is  actually  required  to  ren\pve  the  volume  of 
supply.  If  roof  leaders  discharge  into  a  tank,  the  overflow 
should  be  at  least  one  size  larger  than  the  combined  areas 
of  the  leaders.  If  the  tank  is  supplied  by  a  ball-cock  or 
pump  discharge  pipe,  the  overflow  should  have  a  sectional 
area  at  least  six  times  the  sectional  area  of  the  supply  pipe, 
because  the  velocity  of  the  supply  stream  may  be  considered 
to  be  at  least  six  times  as  great  as  the  velocity  of  the  water 
flowing  through  the  overflow  pipe.  Thus,  a  ^inch  ball-cock, 
which  has  a  nominal  sectional  area  of  about  .5  square  inch, 
should  be  accompanied  by  an  overflow  having  an  area  of 
.5X6  =  3  square  inches,  which  nearly  equals  a  2-inch  pipe. 
A  2-inch  ball-cock  may  be  accompanied  by  a  1  i-inch  or  l2-inch 
overflow,  the  latter  size  being  used  if  the  water  pressure  is 
over  75  pounds  per  sciuare  inch.  The  mouth  of  an  overflow 
should  always  be  funnel-shaped  to  enable  a  large  volume  of 
water  to  enter  freely  at  a  low  velocity. 

37.  Standing  overflows  are  made  funnel-shaped,  like  a 
long  horn,  the  inlet  mouth  being  about  twice  the  diameter 
of  the  base.  A  ground  brass  plug  and  socket  connects  the 
overflow  to  the  waste  pipe  at  the  bottom  of  the  tank.  When 
it  is  desired  to  empty  the  tank  the  overflow  horn  is  pulled 
out,  the  sediment  is  stirred  up,  and  the  contents  allowed  to 
drain  away  throuj^h  the  overflow  waste  pipe. 

38.  In  buildings  that  are  supplied  with  separate  systems 
of  pilling  for  different  classes  of  fixtures,  as  is  sometimes  the 
case  in  localities  where  water  is  scarce,  the  different  supplies 
from   the  tanks  are  connected  as  shown  in   Fig.   17.      The 
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"pipe  u  that  supplies  the  least  impurtaiit  class  of  fixtures,  such 
as  lawij  and  street  sprinklers,  extends  to  near  the  high  water- 
line  of  the  tank,  so  that  when  water  is  scarce  it  will  be  cut 
oft  from  these  fixtures  first.  The  pipe  d,  which  supplies  the 
class  of  fixtures  next  in  importance,  such  as  water  closets, 
bathtubs,  etc*,  is  the  next  highest  pipe  and  the  second  one  to 
be  cut  off  when  water  in  the  tank  is  low.  The  pipe  t  is  the 
next  in  importance.  It  supplies  the  kitchen  sink  and  laundry 
tubs  and  is  the  third  system  to  be  deprived  of  water  when 


^ 


oQQooooOja 


Fig.  n 

water  in  the  tank  is  low.  Pipe  d  is  the  most  important  sup- 
ply of  alL  It  is  the  cold-water  supply  to  the  hot- water  boilei 
and  is  the  very  last  pipe  from  which  the  supply  is  cut  off, 

\  If  it  is  desired  to  vent  each  supply  line  so  that  the  air  will 
flow  into  a  line  and  allow  the  water  to  be  drained  out  when 
the  valve  under  the  tank  ts  closed,  a  a -inch  or  f-inch  pipe 
may  be  connected  under  the  valve  and  run  up  over  the  tank 
as  shown  at  e.     Each  of  the  pipes  a,b,c,  and  ^  may  be  pro- 

,  vided  wi*h  a  pipe  like  that  at  r. 

'  39,  Hitpply  to  Tankf^, — In  many  cities,  the  water  pres- 
sure is  sufficient  to  raise  the  water  above  any  of  the  buildings. 
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while  in  others  it  can  perhaps  rise  only  to  the  second  or  third 
stories  of  some  of  the  buildings.  It  will  be  well  for  the 
plumber  to  ascertain  just  how  high  the  water  will  rise  before 
he  commences  any  of  the  plumbing  work,  because  the  system 
of  piping,  or  the  method  of  supplying  and  distributing  the 
water,  that  is  best  adapted  for  the  building  will  depend 
chiefly  on  the  height  to  which  the  water  will  rise.  This 
height  can  be  ascertained  only  by  applying  a  pressure 
gauge  to  the  main,  or  service,  pipe  and  computing  the  verti- 
cal height  of  a  column  of  water  required  to  counterbalance 
the  pressure  indicated,  which  is  done  by  multiplying  the 
pressure,  in  pounds  per  square  inch,  by  2.3;  or,  it  may  be 
approximated  by  comparison  with  the  height  to  which  the 
water  will  rise  in  adjoining  buildings.  If  it  is  found  that  the 
water  will  not  rise  high  enough  to  supply  the  plumbing  fix- 
tures on  the  top  floor  at  all  times,  a  storage  tank  must  be 
placed  somewhere,  usually  above  the  roof  or  immediately 
under  it,  to  contain  a  supply  of  water  for  the  building,  or  at 
least  for  that  part  to  which  the  water  will  not  rise. 

In  many  localities,  however,  water  will  rise  and  supply 
the  top  floors  of  a  building  during  the  night,  but  not  during 
the  day.  This  is  due  to  larger  quantities  of  water  being 
drawn  from  the  street  mains  during  the  day  than  during  the 
night,  and  is  called  an  intermittent  supply.  When  such  a 
condition  as  this  is  encountered,  a  house  tank  should  be 
located  at  a  convenient  point  above  the  highest  fixture. 
The  tank  should  be  large  enough  to  hold  a  3-days'  supply  of 
water  for  the  building.  To  save  the  labor  and  expense  of 
pumping  water  to  the  tank,  the  service  pii>e  should  be  large, 
so  that  when  the  pressure  comes  on  during  the  night  the  tank 
will  fill  and  be  ready  to  supply  the  building  in  the  morning. 

40.  There  are  several  methods  of  connecting  up  a  tank 
to  the  street  service  and  the  house  distributing  pipes,  but 
the  most  common,  and  probably  the  best,  is  simply  to 
extend  the  service  pipe  from  the  street  main  up  to  the  tank, 
taking  off  as  many  branches  as  can  safely  be  supplied  at  all 
times  by  street  pressure.    When  the  water  pressure  increases 
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in  the  mains,  water  will  rise  through  this  pipe  and  overflow 
into  the  tank,  where  it  will  remain  until  drawn  off  at  the 
house  fixtures.  To  prevent  the  tank  from  overflowing 
during  the  night,  the  flow  into  the  tank  should  be  governed 
by  an  automatic  regulator,  as  a  ball-cock,  for  instance.  This 
plan,  of  course,  necessitates  running  two  lines  of  pipe,  the 
one  being  an  inlet  to,  and  the  other  an  outlet  from^  the  tank. 
Fig.  18  shows  how  one  of  the  lines  can  be  dispensed  with, 
the  other  line  being 
made  to  do  the  work  of 
both.  The  tank  a  is 
supposed  to  be  in  the 
attic  or  on  the  top  floor. 
The  pipe  b  joins  it  to 
the  city  main,  a  check- 
valve  being  placed  on  b 
at  a  height  that  will 
depend  on  the  lowest 
pressure  likely  to  pre- 
vail at  any  time.  This 
main  check- valve  opens 
toward  the  tank*  Two 
other  check- valves  f,  d 
are  attached  at  the 
tank  end  of  the  rising 
line  b.  The  check- 
valve  €  allows  water  to 
flow  from  the  tank 
into  b^  but  prevents  a 
flow  from  b  to  the  tank, 
while  d  allows  water  to 
flow  from  b  into  the  tank,  but  prevents  any  air  or  water  from 
entering  b  through  the  ball-cock  f.  The  operation  of  this 
arrangement  is  as  follows:  When  the  street  pressure  is  high 
enough,  water  will  rise  in  b  until  it  tiows  thraugh  e  into  the 
tank,  and  then  all  the  fixtures  in  the  building  will  draw  their 
supply  direct  from  the  street  through  b.  When  the  street 
;>ressure  is  not  sufficient  to  raise  water  to  the  tank,  water 
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will  flow  from  the  tank  through  r  to  ^  to  supply  all  fixtures 
that  take  their  supply  from  points  between  the  main  check- 
valve  on  the  riser  and  the  tank. 

41.  Tanks  are  sometimes  installed  in  buildings  that  could 
be  supplied  directly  from  the  city  mains.  This  is  done  to  pro- 
vide a  temporary  supply  of  water  in  case  the  water  is  shut  off 
from  the  street  mains,  and  also  to  relieve  the  distribution 
system  of  the  stresses  inseparable  from  a  high-pressure 
supply.  To  supply  the  tank  with  water  under  such  condi- 
tions, the  service  pipe  from  the  street  should  be  run  up  to 
the  tank  and  terminate  with  an  air  chamber  on  top,  as  at  /, 
Fig.  13,  a  ball-cock  being  connected  to  it  and  screwed  down 
to  the  top  of  the  tank  as  shown.  The  tank  will  thus  be  kept 
full  by  the  ball-cock,  whjch  works  automatically.  The 
spherical  ball  float  shown  at  the  end  of  the  lever  rises  and 
falls  with  the  surface  of  the  water  in  the  tank.  Should  the 
noise  of  the  water  falling  into  the  tank  from  the  ball-cock 
be  undesirable,  the  noise  can  be  practically  stopped  by  the 
use  of  a  deafening  pipe.  An  expansion  pipe  from  the 
highest  point  of  the  hot-water  distributing  pipe  that  supplies 
the  plumbing  fixtures  with  hot  water  from  the  kitchen  boiler 
may  be  run  up  to  and  bent  over  the  top  of  the  tanks,  as  may 
also  any  pipe  used  to  remove  air  from  a  trapped  part  o^  the 
water-pipe  system.  Should  it  be  desired  to  run  roof  water 
directly  into  a  tank,  the  roof  leader  pipe  may  discharge  over 
the  top  of  the  tank.  In  such  a  case  the  overflow  d  should  be  a 
size  larger  than  the  roof  leader  discharge  pipe,  and  the  funnel 
mouth  of  d  should  be  twice  the  sectional  area  of  d  to  prevent 
the  tank  from  overflowing  during  a  heavy  rain  storm. 

42.  Size  of  Tanks. — The  size  of  house  tank  required  to 
store  water  for  a  building  depends  on  theiiumber  of  inmates 
to  be  supplied  and  the  daily  quantity  of  water  required  for 
each  person.  It  is  found  in  practice  that  the  daily  quantity 
of  water  required  per  person  varies  with  the  character  of 
the  building.  For  instance,  a  larger  quantity  of  water  per 
person  would  be  used  daily  in  a  hotel,  where  the  inmates 
spend  the  greater  part  of  the  24  hours,  than  would  be  used 
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in  a  school  buildin^i  where  the  students  spend  but  a  few 
hours  of  the  day.  The  following  table  of  quantities  oi  water 
required  for  different  classes  of  buildings  is  compiled  from 
experien<je.  The  volume  of  water  required  per  day  for 
purposes  nther  than  ordinary  nsage  at  the  plumbing  fixtures, 
such,  for  example,  as  water  motors,  care  and  watering  of 
stock  and  cattle,  carriage  washing,  lawn  sprinkling,  etc^ 
should  be  added  to  that  found  by  us  in  3^  Table  L 

TABLK   I 
APPRO XIMATK    WATER    CONSUMPTIOH 


EJiid  of  Building 

Nuniber  of  Gatlons 
p«r  Inmtite  per  Day 

Ordinary  dwellings,  tenements,  and  flats  , 
Apartment  houses  and  mansions  .... 
Hotels   , 

20 
10 

Office  buildings ,    . 

IS 

10 

Ordinary  schools 

The  actual  amount  of  water  required  for  each  person,  child 
or  adult,  in  a  private  residence  has  often  been  estimated  at 
25  galluns  per  day.  This  amount  is  used  approximately  as 
follows: 

Drinking 1  quart 

Food    ..,..., ,    .    ,  1  quart 

Washing  dishes  and  cooking  utensils  ,  1  gallon 

House  cleaning     ,....,.,.  2  gallons 

Washing  clothes 3  gallons 

Toilet  purposes *    -  6  gallons 

Bathing  and  water  closets 13i  gallons 

A  horse  will  drink  about  7  gallons  of  water  per  day,  and 
will  need  4  gallons  for  washing. 

A  carriage  will  require  from  9  to  16  gallons  for  washing. 

A  cow  will  drink  5  to  6  gallons  per  day* 

Tanks  supplied  from  city  mains  need  not  be  larger  than  is 
required  to  hold  a  2-day s*  supply.     Those  that  depend  on  one 
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pump  and  are  not  near  a  city,  should  contain  at  least  1  week's 
supply,  if  water  is  taken  from  a  well  or  some  other  such 
source.  Those  that  depend  on  rain  only  for  their  supply 
should  hold  at  least  1  month's  supply,  or  more,  depending 
on  the  frequency  and  duration  of  rain. 

43.  Protection  of  Tanks. — In  arranging  an  open  tank 
for  the  storage  of  water  that  will  be  used  for  drinking  and 
culinary  purposes,  it  is  essential  that  sanitary  conditions 
exist  in  and  around  the  tank.  Dust  and  vermin  must  be 
prevented  from  entering  the  tank,  and  the  space  where  the 
tank  is  located  should  be  ventilated  so  that  the  air  around  the 
tank  will  be  pure.  The  tank  should  in  all  cases  be  provided 
with  a  close-fitting  cover,  the  top  of  which  may  be  provided 
with  a  large  opening  covered  by  a  fine-mesh  woven  brass 
screen  to  afford  ventilation  to  the  tank. 

44.  Protection  against  frost  must  be  considered  in  making 
tank  connections.  Fig.  19  shows  how  the  cold-water  supply 
connection  may  be  made  to  a  copper-lined  tank  in  a  cold 
attic.  A  round-way  stop-and-waste  cock  a  has  its  inlet  end 
wiped  to  the  tank  lining  an  inch  or  two  above  the  bottom. 
The  cock  should  be  driven  in  to  fit  the  wood  tightly.  The 
outlet  end  may  be  wiped  to  a  lead  supply  pipe,  as  shown,  or 
be  screwed  to  an  iron  or  brass  pipe  with  a  spring  piece  to 
take  any  stress  off  the  lining.  The  pipe  is  covered  with  hair 
felt  b  and  a  canvas  jacket,  which  may  be  sewed  or  secured 
with  copper  wire.  A  wooden  box  having  a  hinged  cover  c  is 
fitted  around  the  cock,  and  the  space  is  filled  in  with  sawdust 
or  mineral  wool.  By  connecting  the  cock  close  to  the  tank, 
the  water  may  be  shut  off  and  the  pipes  drained  while  the 
tank  remains  full.  All  exposed  pipes  that  cannot  be  boxed  in 
may  be  covered  with  hair  felt  1  or  2  inches  thick,  the  felt  being 
covered  with  canvas;  or,  special  pipe  coverings  may  be  used. 

A  tank  located  outside,  or  on  top  of  a  building,  should  be 
provided  with  a  wooden  housing  to  protect  it  from  frost  and 
from  the  heat  of  the  sun.  Care  must  be  taken  in  locating  a 
tank  to  avoid  the  vicinity  of  soil  pipes  and  vent  pipes  and 
all  other  possible  sources  of  contamination  by  foul  air. 


[condenses  on  the  sides  of  steel    tanks  and  drips  off  the 

ftottom;  tanks  inside  buildingfs  should  therefore  be  provided 

^rith  sheet-metal  safes  laid  under  them  to  catch  leakage  and 
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condensation  drips,  and  thus  prevent  the  buildings  from 
being  damaged  by  water.  The  safes  should  be  made  of 
14-ounce  or  16-ounce  sheet  copper,  or  4-potmd  to  6-pound 
sheet  lead.  The  edges  all  around  should  be  turned  up  at 
least  3  inches  and  protected  by  being  nailed  to  the  top 
of  a  wood  fillet,  or  against  the  walls.  If  possible,  the 
upstand  of  the  safe  should  project  at  least  3  inches  beyond 
the  sides  and  ends  of  the  tank.  A  safe-waste  pipe,  li  inches 
for  small  tanks  and  la  inches  for  large  tanks,  should  connect 
the  safe  to  a  safe-waste  sink  in  the  cellar,  or  a  slop  sink,  if 
such  is  conveniently  located  in  the  building.  This  pipe 
should  discharge  openly  over  and  into  the  fixture,  a  flap 
valve  being  placed  over  the  mouth  of  the  pipe.  The  end 
connecting  to  the  safe  should  be  protected  by  a  convex  brass 
grating  soldered  over  its  open  mouth. 


TANKS    FOR    PNEUMATIC    SUPPIiY 

46.  Construction  and  Liocation. — A  new  method  of 
supplying  water  to  buildings  has  recently  been  introduced  to 
the  trade  and  is  now  extensively  used.  It  consists  of  closed 
chambers  in  which  air  and  water  are  confined  under  a  pres- 
sure more  than  sufficient  to  raise  water  to  the  highest 
fixtures  supplied.  Then,  when  a  faucet  is  opened  the  com- 
pressed air  in  the  top  of  the  tank  expands  and  forces  the 
water  out  of  the  tank  and  through  the  open  faucet.  Com- 
pressed-air pressure,  that  is,  pneumatic  pressure,  being  used 
as  the  force  to  supply  water  to  the  fixtures,  this  class  of 
storage  tanks  is  known  as  pneumatic  tanks.  With  this 
method  of  supply  a  storage  tank  may  be  located  at  any  con- 
venient place  about  the  premises.  Generally,  however,  it  is 
placed  in  the  ground,  or  in  the  cellar,  where  it  is  out  of  the 
way  and  can  be  kept  cool.  In  order  that  a  pneumatic  tank 
may  operate  satisfactorily,  it  must  be  perfectly  air-tight; 
otherwise,  the  air  will  escape,  its  pressure  will  be  lost,  and 
the  water,  consequently,  will  not  flow  from  the  tank. 

47.  Pneumatic  tanks  are  made  of  wrought  iron  or  steel, 
and  should  be  cylindrical  in  form.     The  Ihickness  and  size 


required  to  successfully  withstand  a  water  test  at  a  pressure 
equal  to  at  least  three  times  ihe  maximum  working  pressure. 
Thus,  it  is  known  that  the  water  pressure  in  a  certain 
building  will  vary  from  40  to  1()0  pounds  per  square  inch, 
the  maximum  working  pressure  is  100  pounds,  and  the  tank 
should  be  tested  by  filling  it  vvtib  water  and  then  pumping 
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up  a  pressure  of  300  pounds  or  more.     This  should  be  done 
by  the  plumber  before  connecting  up  the  tank. 

If  a  pneumatic  tank  contains  air  at  atmospheric  pressure 
and  water  is  pumped  into  it,  the  absolute  pressure  resulting 
in  the  tank  will  be  inversely  as  the  volume  of  the  air.  Thus, 
when  the  tank  is  half  full  of  water  the  pressure  will  be  equal 
to  about  30  pounds  per  square  inch.  When  three-quarters 
full  the  pressure  will  be  about  60  pounds,  etc.,  as  shown  in 
Fig.  20,  where  the  tank  is  8  feet  high.  When  the  pressure 
varies  between  45  and  75  pounds  absolute,  that  is,  between 
30  and  60  pounds  by  the  gauge,  the  tank  is  between  two- 
thirds  and  four-fifths  full  if  air  has  not  escaped.  Any  work- 
ing pressure  within  these  limits  gives  good  results  in 
buildings  four  stories  and  less  in  height,  the  tank  being  in 
the  basement. 

48.  Advaiitagres  of   Pueumatic  Supply. — Tanks   of 

the  pneumatic  type  have  many  advantages  to  recommend 
their  use.  Among  them  are:  the  water  stored  in  them  is 
free  from  contamination  by  dust  and  dirt;  the  water  is 
cooler  than  water  from  open  gravity  tanks  during  hot 
weather;  the  tank  can  be  located  in  the  cellar  or  any  con- 
venient place,  and  it  is  not  necessary  to  reenforce  the  build- 
ing to  support  one;  leakage  from  the  tank  will  not  damage  a 
building  when  the  tank  is  in  the  cellar,  or  buried  in  the  earth. 
The  disadvantages  are:  the  air  will  escape  from  the  tank 
no  matter  how  well  it  is  made;  even  though  the  tank  were 
perfectly  air-tight,  the  air  would  slowly  be  lost  by  absorption 
in  the  water,  and  the  air  must,  therefore,  be  renewed  period- 
ically. This  is  done  as  far  as  possible  by  attaching  to  the 
pump  an  air  compressor  that  at  each  stroke  of  the  pump 
forces  a  proportional  amount  of  air  into  the  tank  to  maintain 
the  air  supply.  When  the  water  is  drawn  from  the  tank,  the 
pressure  decreases  directly  as  the  volume  of  the  air  is 
increased;  this  means  that  an  irregular  pressure  will  exist 
in  the  plumbing  system. 

49.  Operation  of  PiuMiniatle  Water  Supply  Systems. 

All  pipe  connections  to  a  pneumatic  tank  must  be  made  at 
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the  bottoni.    The  seams  and  manhole  plates  should  also  be 

located  at  the  bottom,  so  that  if  they  leak  the  water  and  not 

the  air  will  escape. 

The  construction  and  operation  of  a  pneumatic  supply  are 

shown  in  Fi^,  21.  An  air-light  steel  tank  A  is  connected  to 
The  inlet  pipe  a  connects  to  the  delivery 
pipe  d  of  the  force  pump  shown,  and  an 
outlet  c  is  led  to  the  house  to  be  supplied 
with  water.  A  check-valve  ti  prevents  the 
water  in  A  from  flowing  back  through  d 


a  pump  m  a  wel 


^ 


■^c 


Fig.  21 


I 


jll,  into  the  pump  or  out  of  the  draw*off 

cock  e    above    the    surface    of    the 

ground*      It   will   be    seen   that   the 

plunger  in  the  pump  cylinder,  which 

'>       is  under  water  in  the  well»  is  operated 

t^>  by  the  application    of   force    to    the 

handle  of  the  bell-crank  lever  A  the 

fulcrum  of  which  is  solidly  bolted  to  a  platform  over  the  w^elL 

The  pump  shown  is  single-acting,  and  it  raises  water  with  the 

tip  strokes  of  the  plunger.    A  stuflSngbox  at  .^,  through  which 

the  plunger  rod  A  moves,  makes  a  water-tight  joint.     A  stop- 

and' waste  cock  on  the  pipe  that  supplies  ^  can  be  operated  by  a 

T'handled  key  i.     This  is  used  in  winter  to  shut  off  the  water 
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from  e  and  drain  its  supply  pipe  below  the  frost  line.  A  small 
air  pump  (not  shown)  may  be  attached  so  that  each  stroke  of 
the  pump  plunger  forces  a  proportional  amount  of  air  into 
the  tank  to  keep  it  charged. 

To  obtain  satisfactory  results  from  a  pneumatic  pressure 
tank  it  is  necessary  to  pump  water  into  it  frequently  and  also 
to  maintain  a  correct  volume  of  air  in  the  tank. 
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MATERIALS 

50.  Lead  and  galvanized  wrougfht  iron  are  the  two 
materials  most  used  for  water-supply  pipes,  although  brass 
pipes  and  tin-lined  wrought-iron  pipes  are  sometimes  used. 

Lead  pipe  is  best  suited  for  low  pressures  and  where  hard 
water  is  used;  galvanized  wrought-iron  pipe  is  generally  used 
for  high-pressure  work,  and  tinned  brass  pipe  or  tin-lined 
iron  pipe  should  be  used  for  conducting  water  that  dissolves 
lead  or  zinc.  Lead  pipe  varies  in  weight  and  thickness,  and 
in  practice  should  be  selected  of  sufficient  strength  to  with- 
stand at  least  double  the  working  pressure  to  which  it  will  be 
subjected.  Lead  pipe  runs  quite  uniform  as  regards  quality. 
The  grade  known  as  AAA  is  used  extensively  for  under- 
ground service  pipes. 

Wrought-iron  pipe  varies  greatly  in  quality.  Most  of  the 
so-called  wrought-iron  pipe  now  on  the  market  is  actually 
made  of  steel,  although  it  is  frequently  sold  as  wrought-iron 
pipe.  The  only  practical  difference  between  wrought-iron 
pipe  and  steel  pipe  is  that  steel  pipe  is  sometimes  harder  to 
cut  and  thread  than  wrought-iron  pipe,  and  is  not  so  easy  to 
bend  into  coils  or  offsets.  Galvanized  pipe  is  very  exten- 
sively used  on  all  plumbing  systems  of  the  ordinary  class 
where  economy  in  first  cost  is  a  consideration. 
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Brass  pipe  is  made  in  stock  lengths  of  12  feel,  although 
special  lengths  can  be  made  to  order.  It  may  be  had  tem- 
pered hard,  soft,  or  medinm.  For  plumbing  and  steam  work, 
the  medium  J  or  re^^uliir  toinperj  as  it  is  termed,  is  the  best* 
This  tubing  is  just  sufficiently  annealed  to  make  it  bend  easily 
without  cracking.  It  is  advisable  when  ordering  brass  pipe 
always  to  state  for  what  it  will  be  used.  This  information 
will  greatly  assist  the  dealer  or  manufacturer  in  determining 
what  kind  of  pipe  will  give  best  results.  Where  brass  pipe 
is  exposed  in  bath  or  toilet  rooms  it  usually  is  nickel  plated. 
Brass  pipe  is  used  extensively  on  all  first-class  plumbing  work, 
particularly  in  private  residences  and  other  buildings  that  are 
not  erected  as  investments.  When  subject  to  much  hard 
usage  and  consequent  cleanings  however,  polished  brass 
pipe  or  white  metal  pipe  wiU  be  found  to  wear  longer  and 
give  better  results,  because  it  has  the  same  color  throughout 
the  entire  thickness.  The  brass  soon  shows  through  nickel 
plating  and  thus  disfigures  the  work. 


DISTKlBU'riON    8Y8TEM8 

51*  Water-supply  systems  for  buildings  should  be  so 
proportioned  that  an  ample  supply  of  water  at  low  velocity 
can  be  had  at  all  the  fixtures.  Generally  speaking,  the 
pressure  of  water  within  a  building  should  not  exceed 
40  pounds  per  square  inch.  In  very  high  buildings,  how- 
ever, it  is  sometimes  necessary  to  carry  great  pressure  at 
the  lower  floors  in  order  to  have  sufficient  pressure  to 
supply  fixtures  on  the  upper  floors.  If  these  buildings  are 
fifteen  stories  and  upwards  in  height*  intennediate  tanks 
are  used  to  supply  from  eight  to  ten  floors  and  thus  main- 
tain a  moderate  pressure.  In  such  cases,  by -passes  are 
usually  so  arranged  that  the  lower  floors  of  a  building  can 
be  supplied  from  any  of  the  upper  tanks. 

53.  When  buildings  are  supplied  from  gravity  storage 
tanks,  the  mains  that  descend  from  the  tank  may  be  reduced 
in  diameter  as  various  distrihuting  branches  are  taken  off. 
This  is  done  to  economise  in  the  cost  of  the  installation 
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and  to  prevent  the  flow  of  water  at  the  faucets  on  the  upper 

floors  from  being  reduced  by  the 
flow  at  the  lower  floors.     An  ex- 

m  Lj-  :^^  .^^^^i^^ic'^^  ample  of  such  reduction  is  shown 
||^^5^^^^^^^^^^  in  Fig.  22.  The  vertical  distrib- 
uting main  is  reduced  in  size  from 
1}  inches,  where  the  top  branches 
are  taken  off,  to  f  inch,  where  the 
lowest  branch  is  taken  off.  The 
reason  that  this  reduction  in  size 
is  permissible  is  that  water  flowing 
from  the  tank^  tends  to  fall  to  the 
bottom  of  the  vertical  line  of  pipe, 
and  flow  out  of  the  lowest  branch. 
Although  the  vertical  line  is  de- 
creased in  size  as  it  descends,  it  still 
follows  that  owing  to  the  greater 
head  there  is  a  greater  pressure  on 
the  lower  branches  than  on  the 
higher  ones;  and,  to  compensate  for 
this  difference  in  pressure,  the  sizes 
of  the  branches  on  the  different 
floors  may  be  decreased  as  they 
descend.  Thus,  in  Fig.  22,  the  top 
branch  is  1  inch  and  the  lowest  one 
is  a  inch.  By  this  system  of  dis- 
tribution a  nearly  uniform  supply 
of  water  can  be  given  to  each  floor 
in  a  high  building. 


1* 
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53.  Pipes  that  rise  from  a  ser- 
vice pipe  in  the  basement  and 
ascend  to  the  upper  stories  usually 
should  not  be  reduced  in  diameter 
until  the  last  branch  is  reached, 
because  the  pressure  grows  less 
as  the  height  increases,  and  to 
secure   a  satisfactory  flow  on   the  upper  floors,  the   pipes 
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must  be  large  in  diameter.  Even  if  the  head  is  so  great 
that  there  is  plenty  of  pressure  at  the  upper  !ioors»  yet,  if 
the  pipes  are  reduced  in  diameteri  there  will  be  a  liability 
of  a  lack  of  water  at  the  upper  floors  due  to  water  being 
drawn  from  the  faucets  in  the  lower  stories.  If  a  faucet  in 
the  basement  be  opened  t  for  ex  am  pie »  the  flow  from  a  faucet 
on  the  top  floor  that  happens  to  be  open  at  the  same  time 
will  be  checked,  or  even  stopped,  according  to  the  size  of 
the  service  main. 

54.  Horizontal  distributing:  mains  mav  be  reduced  in 
size  in  a  manner  similar  to  that  shown  in  Fig,  23.  How- 
ever, should  the  distributing  branch  enter  at  the  opposite 
end,  so  that  the  pantry-sink  branch  would  be  taken  off  first, 


i 


4 


Fig.  2S 

then  it  would  be  reduced  only  one  size,  that  is,  from  1  inch 
Ito  ?  inch,  because  its  extreme  end  must  equal  that  of  the 
sink  branch.  It  is  belter  to  have  the  distriliuiing  mains  a 
little  too  large  than  loo  small*  as  the  annoyance  of  one 
faucet  robbing  another  will  then  be  avoided. 

55.  The  separate  system  of  distribution  is  resorted  to* 
only  in  localities  where  water  is  scared  or  where  the  tank 
is  not  automatically  filled  and  is  liable  to  become  emptied. 
In  this  system,  separate  distributing  mains  are  installed 
for  different  classes  of  fixtures,  the  supply  for  the  least 
important  class  being  taken  from  near  the  top  of  the  tank, 
I  so  that  water  %vill  be  cut  off  from  that  class  first  w^hen  water 
is  scarce;  supplies  for  the  other  classes  of  fixtures  are  taken 
from  nearer  the  bottom  of  the  tank  in  proportion  as  they 
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are  more  or  less  important,  or  separate  tanks  may  be  used  for 
the  separate  systems,  although  this  is  seldom  done  because 
of  the  increased  cost. 


ARRANUEMENT    OF    STOPCOCKS    AMD    TAtiTBS 

56,  All  stop-cocks  in  a  building  should  be  neatly  arranged 
and  grouped  together  as  much  as  possible,  both  for  conve- 
nience and  appearance*     Fig.  24  illustrates  how  they  may  be 

neatly  arranged  over  a 


-^     Xs 


r»>- 


y  m  Mi 
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kitchen  boiler,  a  safely 
valve  being  attached 
atr.  The  pipe  a  is  the 
cold-water  supply  pipe, 
which  connects  directly 
with  the  street  mains. 
The  pipes  shown  con- 
nected to  a  are  cold- 
water  pipes,  ^  being  the 
inner  tube  of  the  boiler. 
The  pipes  connected  to 
the  pipe  line  c  at  the 
rij^ht  are  for  the  dis- 
tribution of  hot  water 
from  the  boiler  to  the 
fixtures.  No  stop-cock 
or  other  torm  of  shut- 
uff  should  be  placed  be- 
tween the  safety  valve  € 
and  the  boiler*  A  stop- 
cock is  placed  on  the 
branch  that  supplies  Uie 
boiler  with  cold  water; 
this  will^  in  appearance* 
balance  the  safety  yalve 
and  allow  the  boiter  and 

PIG,  £* 

hot-water  system  to  lie 
shut  off  while  the  entire  cold-water  supply  to  the  house  remains 
In  service.     The  safety  valve  has  lugs  cast  on  it,  so  that  it 
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may  be  fastened  to  the  waU  as  shown.  This  prevents  its 
weight  from  bending  the  lead  pipes.  Its  blow-off  coupling 
is  wiped  to  a  i-inch  or  i-inch  lead  waste  pipe  (f,  the  lower 
end  of  which  delivers  openly  over  and  into  the  kitchen  sink* 
The  upper  end  of  ^is  continued  above  the  valve  and  receives 
the  small  i-inch  or  1-inch  waste  pipes  from  the  stop-and- 
waste  cocks »  as  shown.  The  same  general  appearance  can 
be  obtained  with  brass  ^  copper  ^  or  galvanized-iron  pipe. 


57.  In  large  buildings  the  service  pipe  from  the  street 
main  is  usually  connected  to  a  valve  header^  from  which 
braifth  connections  to  the  different  lines  of  pipes  are  made. 
Sometimes  the  valve  header  is  so  connected  to  a  storage 
tank  that  air  is  locked  in  the  top  of  the  tank,  which  then 
serves  as  an  air  chamber  to  absorb  shocks  and  equalize  the 
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flow;  this  method  is  shown  in  Fig.  25.  The  service  pipe  a 
connects  to  the  valve  header  b  near  the  center.  Branches  r,  c 
are  taken  off  for  the  various  distributing^  lines;  each  dis- 
tributing line  is  controlled  by  a  valve  d  and  is  provided 
with  an  emptying  valve  e  to  empty  all  water  from  the  dis- 
tributing pipe  when  the  controlling  valves  are  closed.  The 
waste  pipes  from  the  several  emptying  valves  are  connected 
together  and  discharge  into  a  water-supplied  sink  or  other 
receptacle.  A  branch  /  from  the  service  pipe  a  connects  to 
the  bottom  of  the  tank  and  is  controlled  by  the  valve  g.  A 
water-gauge  glass  h  at  the  end  of  the  tank  shows  the  pro- 
portion of  air  and  water  in  the  tank,  and  a  pressure  gauge  i 
indicates  the  pressure  of  water,  in  pounds  per  square  inch. 
The  tank  is  emptied  through  the  valve  /.  The  valve  k  con- 
trols the  water  supply  for  the  entire  system.  Every  service 
pipe,  where  it  enters  a  building,  should  be  provided  with  a 
shut-off  cock,  or  valve,  to  control  the  entire  water  supply 
within  the  building.  The  shut-off  should  be  located  as 
close  as  possible  to  the  wall  where  the  service  pipe  enters 
the  building,  and  should  be  of  the  most  approved  pattern 
and  best  quality  of  material. 

The  apparatus  shown  in  Fig.  25  is  particularly  valuable 
in  cases  where  a  building  is  supplied  from  a  small  main  in 
which  the  pressure  is  high.  While  the  water  is  not  being 
drawn  in  the  building,  the  tank  is  subjected  to  the  full  street 
pressure.  When  more  water  is  drawn  in  the  building  than 
the  small  main  can  supply,  the  extra  water  needed  will  be 
drawn  from  the  tank;  the  pressure  in  the  tank  gradually 
decreases  while  this  occurs.  As  soon  as  the  heavy  draft 
en  the  tank  ceases,  water  from  the  street  main  will  enter 
the  tank  and  the  pressure  therein  will  run  up  again.  This 
tank,  therefore,  operates  as  a  pneumatic  storage  tank. 


SIZES    OF    WATER    PIPES 

58.     Sizes    of    Service    Pipes   and    Branches. — The 

proper  diameters  of  pipes   for  cold-water  supplies  depend 
on  several  conditions,   which  are:  the  number  and  size  of 


faucets  likely  to  be  discharging  water  at  the  same  time;  the 
pressure  or  head  of  water;  the  length  of  the  pipe. 

If  the  pipe  is  crooked  and  contains  numerous  bends  or 
angles,  due  allowance  must  be  made  for  the  resistance 
arising  therefrom.  A  pipe  of  small  bore  having  jjreat 
length  is  liable  to  be  noisy,  if  the  pressure  is  great,  being 
subject  to  singing  noises  and  water  hammer.  This  defect 
may  be  avoided  by  using  a  pipe  of  larger  diameter,  thus 
reducing  the  velocity  of  the  moving  water. 

AH  service  pipes^  that  supply  fire-hydrants  without  the 
intervention  of  storage  tanks  should  be  at  least  3  inches 
in  diameter* 

TAB£.i:    II 
SIZES    OF    CULI>- WATER    MAINS 


Diameter  of  Matoa 
Inches 

Ntimlier  of  Fixtures  Mains  WilJ  Ordinarily 
Supply 

Low  Pressure 

Higb  Pressure 

n 

4 

lO 

15 

2S 

SO     ' 
75 
i5t> 

200 

300 

IS 

55 

50 

75 

t2S 

20O 

300 
6oo 

The  sizes  of  mams  given  in  Table  11  are  commonly  used 
in  buildings  where  the  pipes  are  not  of  great  length.  If  the 
pressure  is  less  than  30  pounds  per  square  inch,  the  system 
may  be  rated  as  low  pressure,  and  if  above  30  pounds,  as 
high  pressure.  Judgment  must  he  exercised,  however,  in 
using  the  table,  as  there  are  conditions  under  which  larger 
nites  of  pipes  would  be  desirable,  and  other  conditions 
under  which  smaller  pipes  may  be  used*  For  instance,  in  a 
building  where  the  probabilities  are  that  most  of  the  fixtures 
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TABLE    III 

SIZES    OF    COLD-WATER    BRAK'CIIES    TO    FIXTURES 


Supply  Branches  to 

Diameter 

in  Inches 

Low  Pressure 

High  Pressure 

Bath         

Basin 

Water-closet  flush  tank  . 
Water-closet  flush  valve. 
Sitz  or  foot-bath  .... 

Kitchen  sink 

Pantry  sink 

Slop  sink 

Urinal 

ito  I 

i 

i 
I  to  li 
itof 
f  tol 

i 

Itoi 
f  tof 

ito? 
Itoi 

i 

i  to  I 

i 

itoi 
Itoi 
itoi 
itoi 

TABL.B  IV 
SERVICE    PIPE    SIZES    FOR    FL.USHOMETER    VALVES 


Number 

of  Flushometer  Valves 

Water  Pressure,  in 

Pounds  per  Square  Inch 

Diameter 
of  Pipe 
Inches 

lO 

15 

20 

3« 

I 

40 

50 

60 
2 

70 
4 

S.J 

4 

90 

100 

I 

I 

4 

5 

I 

I 

I 

I 

2 

2 

2 

3       5 

5 

5 

6 

i\ 

2 

si      3 

3 

4 

4 

6!     6       7 

7 

7 

li 

4 

6;     6 

7       7 

8 

8       9I      9 

12 

14 

2 

6 

8^      8 

10       10 

12 

14       5      16 

18 

18 

2i 

7 

8     10 

13      14 

15      16       7      18 

20 

22 

3 

II 

14 

i6 

I  9  j     21 

24      28     3       34 

37 

40 

3i 

25 

28 

32 

40     48 

56:    64     70     75 

78 

80 

4 

40 

45,    50 

60     70 

80     90     00   J 10 

120 

130 

4i 

6o 

70  i    8o 

100 

120 

140    160    180    200 

220  240 

5 

100 

I25ii50 

200 

250 

300    350    400    450    500    550 

6 
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will  be  used  at  the  same  time,  the  largest  size  mams  shotild 
be  used,  while  if  only  comparatively  few  fixtures  will  be 
used  simultaneously,  a  smaller  size  main  may  be  used* 

The  sizes  of  supply  branches  to  fixtures  for  high<pressure 
and  low-pressure  systems  can  be  found  in  Table  III. 

59.  size  of  8ei*^lce  Pipes  for  JJIreet-Fliish  Tnlves. 
Direct -connected  flush  valves  are  now  extensively  used  in 
place  of  overhead  tanks  to  flush  water"  closets,  i^rinals^  or 
slop  sinks.  They  may  be  supplied  with  water  direct  from 
the  street  service,  or,  as  is  generally  the  pracstice,  from  a 
special  tank  in  the  attic.  They  are  made  to  operate  under 
high  or  low  pressures,  but  as  a  rule  are  not  suitable  for  pres- 
sures less  than  10  pounds.  The  sizes  of  rising  mains  required 
under  different  conditions  are  as  given  in  Table  IV,  pro- 
vided that  the  length  of  the  pipe  does  not  exceed  1,000  times 
its  diameter* 

SUPPLY  FKOM  STREET  MAINS 


CONI^ECTIOKS    TO    MAINS 

60t  Water  mains  are  usually  tapped  and  the  service  con- 
nection made  while  the  water  pressure  is  on.  This  is  accom- 
plished by  means  of  a  special  tapping  machine  that  drills  and 
taps  the  pipe,  and  screws  in  the  corporation  cock  without 
permitting  water  to  escape.  When  the  corporation  cock  is 
screwed  into  the  water  main,  the  machine  is  removed,  and  the 
service  connection  can  then  be  made.  Tapping  of  service 
mains  is  usually  done  by  an  employe  of  the  water  company 
or  city  that  owns  the  plant. 

61  •     Fig.  26  shows  two  methods  of  connecting  a  galva- 

nir.ed-iron  service  pipe  to  a  cast-iron  street  main.  The 
service  pipe  A  is  connected  to  the  street  main  B  by  the  brass 
corporation  cock  C  forming  a  straight  connection  at  right 
angles  to  the  main.  This  makes  a  cheap  but  unsatisfactory 
connection;  if  the  ground  is  of  such  a  nature  that  the  heavy 
main  ^  can  settle,  the  ends  of  the  cock  C  are  liable  to  be 
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broken  off;  also,  if  the  service  pipe  A  is  long  and  rigid,  it 
will  exert  stresses  on  C  that  may  ultimately  break  the  con- 
nection. A  more  reliable  connection  is  that  by  which  the 
service  pipe  D  is  joined  to  the  main.  A  corporation  cock  E 
is  screwed  into  a  hole  drilled  and  tapped  in  the  main  in  the 
same  manner  as  C,  and  E  is  joined  to  D  by  means  of  a  lead- 
pipe  offset  E  wiped  to  a  brass  solder  nipple  G  and  to  a 


Fm.  26 


ground  coupling  and  ring,  or  union  H.  The  lead  pipe  will 
easily  bend  with  any  change  of  position  due  to  settlement  or 
change  of  temperature  of  Z>.  Double  A  or  AAA  lead  pipe 
should  be  used  for  this  connection,  according  to  the  water 
pressure  and  the  nature  of  the  earth  in  which  the  pipe  is  laid. 

62.  Where  the  service  pipe  to  a  building  is  larger  than 
a  common  corporation  cock  can  supply,  and  the  main  cannot 
be  cut  to  allow  the  insertion  of  a  special  branch  fitting,  it  is 
advisable  to  screw  a  number  of  corporation  cocks  into  the 
main  and  connect  them  all  to  a  special  breeches  piece  or 
multiple-branch  increaser,  as  shown  in  Fig.  27.  The  branch 
increaser  shown  at  a  tapers  from  the  full  size  of  the  service 
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pipe  b  down  to  the  size  of  the  largest  corporation  cock 
allowable  by  the  waterworks  authorities.  The  branches 
taken  from  the  increaser  project  at  an  angle  of  about  45° 
and  should  be  so  arranged  that  the  current  from  any  one 
will  not  affect  the  flow  from  any  of  the  others.  The  lead 
pipes  c,  c  connect  to  the  top  of  the  main  d^  each  piece  of  lead 
pipe  being  a  bend. 


Pio.  27 

The  sum  of  the  sectional  areas  of  the  branches  should  be  a 
little  greater  than  the  sectional  area  of  the  service  pipe,  in 
order  to  compensate  for  the  frictional  resistance  of  the  water 
as  it  flows  through  them.  This  will  allow  the  service  pipe 
to  deliver  water  at  its  full  capacity,  which  is  necessary  if  it 
supplies  flre-hydrants. 

63.  In  large  office  buildings,  hotels,  and  in  public  insti- 
tutions, where  an  uninterrupted  supply  of  water  is  neces- 
sary, two  service  pipes  should  connect  the  building  with 
the  street  mains.  Each  service  pipe  should  be  large  enough 
to  supply  the  entire  building  with  water,  and  each  .should 
connect  to  a  different  water  main,  and  they  should  be 
cross-connected  in  the  building,  so  that  in  case  water  is  cut 
off  from  one  street  main  an  adequate  supply  can  be  obtained 
from  the  other. 
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64.  Where  a  service  pipe  passes  through  a  foundation 
wall,  allowance  should  be  made  for  probable  settlement  of  the 
wall,  and  a  space  of  2  inches  or  more  should  be  left  on  all  sides 
of  the  pipe.  A  good  practice  is  to  build  into  the  wall  a  thimble 
of  iron  pipe  two  or  three  sizes  larger  than  the  service  pipe. 

65.  A  street  washer  is  simply  a  branch  taken  from  the 
water-pipe  system  for  the  purpose  of  furnishing  water  for 
washing  streets  and  sidewalks,  sprinkling  lawns,  etc.  The  con- 
nection, if  remote  from  the  building,  is  usually  taken  from  the 
service  pipe  at  a  suitable  point  underground.  A  stop-and- 
waste  cock,  or  valve,  is  placed  on  the  street-washer  branch 
below  the  frost  line,  and  is  operated  by  a  rod  terminating  near 
the  surface  of  the  ground,  usually  within  a  cast-iron  box  with 
a  hinged  cover.  The  orifice  of  discharge  is  provided  with  a 
hose  nipple,  and  the  shut-off  cock  is  drained  to  a  point  below 
the  frost  line  when  the  cock  is  closed.  If  the  street  washer  is 
near  the  building,  the  connection  is  made  to  the  main  in  the 
cellar,  the  stop-and-waste  cock  also  being  located  in  the  cellar. 

66.  Corrosion  of  service  pipes  takes  place  in  soil  that, 
owing  to  its  chemical  composition,  attacks  the  metal  and 
decomposes  it.  Corrosion  may  be  prevented  by  protecting 
the  service  pipe  from  contact  with  the  earth  or  with  waters 
that  have  percolated  through  the  soil,  by  covering  the  pipe 
with  a  good  coat  of  asphalt,  or  other  good  pipe  covering, 
while  the  pipe  is  hot. 

Electrolysis  is  caused  by  currents  of  electricity  using 
water  pipes  for  return  conductors  while  following  the  path 
of  least  resistance,  whence  they  escape  back  to  the  dynamos. 
Electricity  does  not  cause  damage,  however,  where  it  passes 
alonj^  a  pipe;  it  is  only  where  the  current  leaves  the  pipe 
that  electrolysis  takes  place. 

Electrolysis  is  the  cause  of  serious  pittings  of  water  pipes 
in  large  cities  where  electricity  is  extensively  used.  Its  pre- 
vention, however,  is  more  within  the  province  of  the  electrical 
engineer  than  the  plumber,  and  those  in  charge  of  electric 
stations  can  j)rcvent  it  only  by  providing  suitable  return  con- 
ductors to  their  dynamos. 
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67*  The  sire  of  the  corporation  cock  that  may  be  attached 
to  a  street  main  is  usually  deternviiied  by  the  water  depart- 
ment. The  diameter  of  the  service  pipe  should  not  be 
governed  by  the  ^ize  of  the  corporation  cock,  however,  but 
should  be  determined  solely  by  the  requirements  of  the 
building  and  the  available  pressure-  If  the  quantity  of 
the  water  required  is  very  large,  the  water  authorities  wilK 
on  due  presentation  of  the  facts,  usually  allow  a  larger  con- 
nection to  be  made  to  the  water  mains, 

68.  A  valve  or  stop-cock,  with  waste  outlet,  should  be 
placed  in  the  service  pipe  either  at  the  curb  of  the  sidewalk 
or  just  inside  the  cellar  wall:  when  placed  at  the  curb,  such  a 
cock  is  generally  called  a  curb  t*ock.  Care  should  be  taken 
to  set  the  cock  so  the  waste  outlet  will  allow  the  %vater  to 
escape  only  from  the  house  side  of  the  cock.  Stop-cocks 
located  at  the  curb  should  be  enclosed  in  tight  iron  curb 
boxes »  having  covers  flush  with  the  sidewalk,  that  will  keep 
out  surface  water,  snow,  and  dirt.  The  service  pipe  and  curb 
cock  should  be  placed  far  enough  underground  to  escape 
damage  from  frost.  

CAPACITY    OF    SERVICE    PIPES 

69-  The  capacity  of  water  service  pipes  of  various  sizes 
under  different  pressures^  when  subject  to  various  hack 
pressures,  may  be  found  in  Table  V,  which  was  computed  by 


es- 


]  Mr.  Kuichling  for  the  Thomson  Meter  Cotnpany.  Table  V 
gives  the  discharge  capacity  of  service  pipes  under  conditions 
indicated  in  the  diagram,  Fig,  2S.    Condition  No.  1  represents 
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a  discharge  at  the  meter  in  the  cellar;  No.  2,  the  discharge  at 
the  rear  wall  of  an  ordinary  cellar;  No.  3,  the  discharge  about 

TABLE  V 
DISCHARGE    FROM    SERVICE    PIPES 


Dtsch^ree.  in  Cubic  Fe«t  p«r  MJnote.  Delivered  Fi^m  Pip« 
Uader  CondUions  Indicated  Jo  DiaffrAoi,  Pis.  28. 


Nomlniit  Diametftfi.  I&  tncbe«»  of  Iroa  or  Lead  Service  Pipes 
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on  the  first  floor;  No.  4,  the  discharge  about  on  the  third  floor 
of  an  ordinary  building. 
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(DETAILS    OF    INSTAX-LATIOIf 
70,     Press  11  re- Rod  net  11^   Vul%*es,^Fig,    29    shows    a 
res  sure -reducing^  valve  ii  in  a  basement,  connected  to  a  ser- 
ice  pipe  b  near  where  the  service  pipe  enters  the  building. 
The  pressure  gauge  c  indicates  the  pressure  in  the  service 
pipe  on  the  street  side  of  the  reducing  valve,  and  the  gauge  d 
indicates  the  pressure  of  the  water  on  the  house  side  of  the 
^Lvalve.     The  gauge  d  will  indicate  whether  the  valve  a  is 


.li^&k  d 


^^'  J 


JSTT^^^ 


^A^. 


Si 


Fia,  2» 


I  tight   or   leaking.     If    the    valve    leaks,   even    a   trifle,    the 
gauge  d  will  soon  indicate  a  pressure  nearly  or  quite  equal 
l^^to  that  indicated  by  r»  when  no  w^ater  is  being  drawn  from 
^Kbe  faucets  in  the  building,  and  thereby  give  notice  that  the 
^^pressure-reducing  valve  requires  attention.     The  stop-cock 
shown  at  €  is  of  ihe  stop-and- waste  form,  and  is  used  to 
shut  off  the  water  from  the  entire  building. 


NIfa 
he 


71.  Service  Pipes* — The  main  service  pipe  in  the  cellar 
should  be  run  in  an  exposed  and  accessible  location,  where 
it  will  be  out  of  the  way.     A  good  place  to  locate  it  is  near 

e  cellar  ceiling,  or  alongside  a  blank  wall*  When  located 
below  the  cellar  floor,  service  pipes  should  be  placed  in  pipe 
ducts  arranged  to  render  the  pipes  readily  accessible  for 
connections  or  repairs. 
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All  distributing  mains  within  a  building  should  grade  to 
some  point  where  the  water  can  be  drained  from  the  system 
when  the  supply  is  shut  off.  Water  service  mains  should  be 
well  supported  throughout  their  entire  length,  and  should 
be  run  straight,  true,  and  at  uniform  grades. 

The  hangers  used  to  support  water  pipes  are  of  the  same 
general  patterns  as  those  used  to  support  steam  pipes,  with 
the  single  exception  that  expansion  hangers  are  not  required 
for  cold-water  pipes. 

Where  pipes  pass  through  walls  and  partitions,  sleeves 
should  be  set  in  the  walls  to  prevent  expansion  and  contrac- 
tion of  the  pipes  from  cracking  the  plastering;  escutcheons, 
or  floor  and  ceiling  plates,  should  also  be  used  on  walls, 
floors,  and  ceilings  to  conceal  the  space  around  the  pipes. 

72.  Covering:  Pipes. — Cold-water  pipes  exposed  in 
warm,  humid  places  are  liable  to  gather  moisture  from  the 
atmosphere,  or  sweaty  as  it  is  generally' termed.  This  can 
he  prevented  by  covering  the  pipes  with  some  non-con- 
ducting substance  to  insulate  the  pipes  from  the  surrounding 
atmosphere.  Wool-felt  sectional  covering  with  a  canvas 
jacket  and  asphalt  lining  is  commonly  used,  the  covering 
when  finished  being  given  two  coats  of  paint.  Hot-water 
pipes  are  often  covered  to  prevent  loss  of  heat  from  radia- 
tion; this  is  seldom  done  in  small  dwelling  houses,  but  should 
be  done  in  places  where  the  hot-water  mains  are  large,  as 
in  hotels  and  apartment  houses. 

73.  Rising  Mains. — The  vertical  pipes  that  rise  from 
horizontal  mains  in  the  cellar  to  supply  water  to  the  distrib- 
uting^ branches  on  the  upper  floors  of  a  building  are  called 
risinp:  mains.  They  should,  when  possible,  be  exposed 
to  view  or  located  behind  removable  boards  where  they  will 
be  accessible  for  repairs.  When  choosing  a  location  for 
rising  mains  care  should  be  exercised  to  select  a  place 
that  affords  the  best  protection  against  danger  from  frost. 
Rising  lines  should  be  well  supported  throughout  their  entire 
extent  by  suitable  hangers  placed  at  proper  intervals  under 
the  fittings,  if  possible.     Iron  pipe  may  be  supported  either 
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\j  pipe  hangers  or  by  gfalvanized-iron  strapSf  spaced  about 

It)  feet  apart.  Lead  pipe  should  be  supported  by  lead  tacks 
soldered  to  the  pipe  and  secured  to  the  pipe  board  by  screws. 
On  vertical  lead  pipes,  tacks  should  be  spaced  from  18  to 
30  inches  apart,  the  exact  distance  being  determined  by  the 
sisse  of  the  pipe  and  the  temperature  of  the  water  that  flows 
through  it. 

74,  Stipporttii|i^  Leiicl  Pipes, — When  lead  pipes  run 
in  a  horizontal  position  on  a  side  wall  they  should  be  sup- 
ported by  strips  of  cove  or  quarter -round  molding  nailed  to 
the  pipe  board,  as  shown  in  Fig.  30.  If  iron  or  brass  straps 
are  used  to  hold  lead  pipe 
in  place,  the  ed^jes  of  the 
straps  will  cut  into  and 
weaken  the  pipe;  hence  p 
the  use  of  straps  on  lead 
pipe  should  be  avoided. 

75.  Distribution  ^,^«,,^ 
Branches, — At  each  >  Iff^^^^^ ^ 
floor  distribution  branches 
are  taken  of!  from  the  fio.  ao 
rising  mains  to  supply  the  groups  of  fixtures,  and  each  fixture 
in  the  group  in  turn  is  supplied  through  a  branch  taken  from 
the  distributing  branch.  Each  distributing  branch  where  it 
is  connected  to  the  rising  main  should  be  provided  with  a 
valve  or  cock  to  shut  off  the  supply  of  water  from  the  group 
of  fixtures t  and  where  the  cost  is  not  prohibitive  valves  should 
also  be  placed  on  each  fixture  branch. 

When  possible  to  do  so,  distribution  branches  should 
he  run  exposed  in  rooms  and  not  concealed  in  partitions  or 
under  floors.  Frequently,  however,  it  becomes  necessary  to 
so  conceal  the  pipes,  under  which  circumstances ^  if  they  are 
located  over  valuable  ceilings,  they  should  be  placed  in  lead 
or  copper-lined  safe  boxes,  to  prevent  condensation  or  leaks 
fom  spoiling  the  ceilings  or  walls. 

76*     Koti'liltiir  Floor!H*tini8, — When  it  is  necessary  to 
an  a  pipe  under  the  llooringj  it  should  be  run  parallel  with 
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the  floorbeams,  if  possible.  If  that  cannot  be  done,  notches 
of  sufficient  depth  to  admit  the  pipe  must  be  cut  across  the 
beams.  The  notch  should  be  made  near  the  end  of  the  beam, 
and  should  never  be  made  at,  or  anywhere  near,  the  middle 
of  the  beam. 

The  strength  of  a  floorbeam  is  not  in  direct  proportion  to 
its  depth,  but  varies  with  the  square  of  the  depth.  Thus, 
a-  beam  10  inches  deep  is  four  times  as  strong  as  a  beam 
5  inches  deep  and  of  the  same  thickness.  For  example,  in 
Fig.  31  the  strength  of  a  certain  beam  10  inches  deep,  with- 
out a  notch,  and  loaded  at  the  middle  is  100  pounds.  When 
a  notch  li  inches  deep  is  cut  in  the  middle  of  the  beam,  as 
at  A,  the  depth  is  reduced  to  8i  inches,  and  the  strength  is 
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reduced  in  proportion  to  the  square  of  the  depth,  or  to 
76i  pounds,  which  means  a  loss  of  23i  per  cent,  of  the  total 
strength.  The  same  notch  may  be  cut  near  the  end,  as 
at  By  with  a  very  slight  loss  of  strength,  unless  some  very 
heavy  weight  rests  on  the  beam  close  to  it.  A  hole  of  the 
same  diameter  may  be  bored  through  anywhere  along 
the  center  line  of  the  beam,  as  at  C,  without  perceptible 
loss  of  strength,  provided  that  the  diameter  of  the  hole  does 
not  exceed  abojut  one-seventh  the  depth  of  the  beam. 

While  the  notching  of  floorbeams  in  the  middle  may  not 
always  weaken  them  to  such  an  extent  as  to  make  them 
unsafe,  yet  it  is  almost  certain  to  seriously  impair  the  stiff- 
ness of  a  floor,  and  might  spoil  it. 


FIRE-LINKS 

77.  Stand  pipes  for  fire-lines  are  now  installed  in  most 
large  buildings.  In  some  cities  this  protection  against  fire 
is  a  requirement  of  the  building  laws. 
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connects  with  a  pump  b  in  the  cellar  or  basement  and  extends 
up  through  the  various  stories  of  the  building.  A  hose  rack  c 
is  clamped  to  the  stand  pipe  on  each  floor,  and  from  50 
to  100  feet  of  Underwriters*  linen  hose  is  neatly  folded  on 
each  rack.  The  hose  is  provided  with  a  nozzle  and  is  con- 
nected to  the  valve  d,  in  readiness  for  an  emergency.  In 
place  of  hose  racks,  reels  are  sometimes  used.  The  reels 
may  be  clamped  to  the  pipe  in  the  same  manner  as  racks,  or, 
as  is  sometimes  done,  attached  to  the  stem  of  the  valve,  so 
that  the  operation  of  unreeling  the  hose  will  automatically 
open  the  valve.  A  branch  e  from  the  stand  pipe  extends 
through  an  outside  wall  in  an  accessible  place,  convenient 
for  attaching  a  hose  to  it.  The  branch  is  provided  with  a 
check-valve  opening  inwards,  so  that  water  can  be  supplied 
from  the  street  hydrants,  or  fire-engine;  this  check-valve 
closes  when  the  pump  is  operating.  The  coupling  /  is  used 
for  attaching  the  hose  to  the  stand  pipe.  The  cock  ^  is  used 
to  empty  the  stand  pipes  after  they  have  been  in  use.  If  it 
is  desired  to  keep  up  pressure  in  the  stand  pipes  at  all  times, 
the  steam  throttle  valve  to  the  pump  should  be  provided 
with  an  automatic  regulator  that  will  turn  on  steam  to  the 
pump  when  the  pressure  in  the  stand  pipe  falls  to  a  certain 
point.  Thus  the  pump  will  work  automatically  as  soon  as 
any  of  the  hose  lines  are  in  use. 


PRESSUUE  AND  SUCTION  TANK  CONNECTIONS 

78.  Fig.  33  (a)  shows  the  apparatus  and  pipe  connections 
that  are  frequently  used  in  installing  water-supply  apparatus 
in  the  basement  of  a  large  building.  All  buildings  of 
importance,  such  as  large  hotels,  large  office  buildings,  etc., 
should  be  supplied  with  water  taken  from  two  different  street 
mains,  so  that  if  the  water  should  be  shut  off  in  one  main  a 
supply  can  be  obtained  from  the  other.  Thus  there  is  little 
danger  of  the  building  at  times  being  without  water,  expept 
when  the  whole  waterworks  system  is  inoperative.  It  is  not 
necessary  to  meter  the  supply  from  both  street  mains  sepa- 
rately unless  they  are  the  mains  of  different  corporations,  in 
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which  case  the  connections  may  be  made  as  shown  in  this 
figure*  The  street  service  pipe  a  leads  into  the  building  from 
one  street  and  the  service  pipe  ^  comes  in  from  another  street. 
The  meters  a',  ^'  are  provided  with  fish  traps  ai,  6^,  and  also 
with  by-pass  valves  a^'  and  ^^'.  Check -valves  a"',  ^"'  open 
toward  the  building.  Both  mains  discharge  into  the  large 
suction  pipe  r  of  the  fire  pump,  which  is  also  connected  with 
the  suction  tank  by  the  pipe  tf.  The  suction  pipe  c  is  cross- 
connected  with  the  main  cold- water  supply  line  e,  a  check- 
valve  being  placed  at  ^  to  prevent  air  from  being  dfawn 
into  f  through  if  in  case  the  ball-cocks  at  the  suction  tank  are 
open  while  the  fire  pump  is  working.  This  would  happen 
only  if  the  water  pressure  in  the  street  w*ere  very  low,  A 
branch  /  is  taken  from  the  main  line  e  to  supply  two  filters 
which  are  so  cross-connected  that  either  one  may  be  used 
when  the  other  is  out  of  service.  The  pipes  f,  f  convey 
filtered  water  from  the  filters  through  e  to  the  suction  tank. 
A  by- pass  valve  ^^  is  placed  on  the  main  hQUse  line  and  is 
closed  when  filtered  water  is  being  run  into  the  suction  tank. 
Should  the  filters  both  be  out  of  service,  however,  the  valve  ^' 
may  be  opened  and  the  valves  on  /  and  f  closed.  Raw  water 
from  the  city  mains  will  then  flow  into  the  suction  tank,  which 
is  an  open  tank  with  a  loose  cover  and  is  provided  with  a 
mrmber  of  2-inch  or  2i-inch  ball*cocks,  as  shown.  A  gate 
vaU^e  i*"'  on  the  main  house  line,  which  valve  on  the  plan 
view  is  hidden  by  the  air  compressor  /,  is  kept  closed  to  pre- 
vent the  water  under  pressure  in  the  cold-water  tank  from 
by -passing  back  and  fiow^ing  into  the  suction  tank.  The 
pressure  in  the  cold-water  tank  is  considerably  higher  than 
that  in  e,  because  the  house  pump  forces  the  water  into  this 
tank  under  considerable  pressure.  The  cold-water  lank 
shown  is  a  pneumattc-pressure  tank,  and  is  equipped  with  a 
glass  water  column  and  a  pressure  gauge,  shown  at  ^.  The 
hot- water  tank,  however,  is  not  a  pneumatic  tank;  it  is 
entirely  full  of  water  heated  by  a  steam  coiL  The  fire  pump 
is  cross-connected,  so  that  it  can  pump  either  from  the  street 
mains  or  from  the  suction  tank  and  discharge  directly  into 
the  main  /t  of  the  fire-line  distributing  system.     This  fire-line 
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is  extended  up  to  a  tank  on  the  roof,  as  shown  in  the  diagram, 
Pig.  33  id),  the  pressure  in  h  being  maintained  considerably 
higher  than  that  in  the  plumbing  pipes.  The  pressure  at  the 
pumps  will  vary  according  to  the  height  of  the  building. 
A  pressure  of  about  60  pounds  per  square  inch  may  be 
maintained  in  the  fire-line  at  the  top  floor  to  secure  sufficient 
force  for  fire-hose  there.  A  check-valve  A''  is  usually  placed 
on  the  fire-pump  discharge  pipe.  The  fire  pump  is  provided 
with  a  regulator  (not  shown)  attached  to  the  piping  h  and  to 
the  steam  pipe  that  supplies  the  pump,  so  that  when  the 
pressure  falls  slightly  in  the  fire-lines  the  pump  will  start  up 
automatically  and  increase  the  pressure  again  to  the  desired 
point,  when  the  pump  will  be  shut  off  automatically.  In 
this  way  a  nearly  constant  pressure  is  maintained  in  the  fire- 
line.  An  air  compressor,  which  may  be  driven  by  an  electric 
motor  or  by  steam  power,  is  shown  at  j.  The  illustration 
shows  a  steam-driven  device  that  is  supplied  with  a  regu- 
lator f.  This  compressor  supplies  air  under  a  suitable 
pressure  for  the  pneumatic-pressure  tank.  The  fire-line  is 
cross-connected  with  the  plumbing  system  by  the  pipe  ^'". 
In  the  event  of  the  house  pump  being  thrown  out  of  service 
the  fire  pump  may  temporarily  be  used  in  its  place  by 
opening  the  valve  ^". 

79.  While  the  plant  is  in  ordinary  operation  the  valve 
on  d  is  closed  and  the  fire-pump  suction  pipe  is  open  directly 
to  the  street  main.  The  valve  d'  on  the  house-pump  suc- 
tion pipe  to  the  suction  tank  is  open,  while  flf"  is  closed.  In 
the  case  of  a  fire,  the  fire  pump  will  operate  automatically  as 
soon  as  water  is  drawn  off,  and  the  pressure  consequently 
falls.  The  house  pump  can  be  put  in  service  to  help  the 
fire  pump  by  closin^y  the  valve  £"'  and  opening  the  valve  j^^\ 
the  valve  ^,  already  being:  closed  and  the  valve  ^"^  being 
open.  Should  the  house  pump  g^et  out  of  order,  and  if  there 
is  no  duplicate  house  pump  provided,  the  fire  piunp  may 
temporarily  be  allowed  to  take  water  from  the  suction  tank 
to  supply  the  phimbing  system  with  pure  water  through  the 
pipe  //''.     Although  only  one  house  pump  is  shown  in  the 
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plant  it  is  advisable  on  important  work  to  have  two  of  them 
cross-connected. 

80.  The  hot-water  tank  is  supplied  at  the  bottom  from 
the  cold-water  tank  through  the  pipe  provided  with  the 
check-valve  k.  The  hot-water  supply  pipes  /,  /  which  dis- 
tribute hot  water  to  the  different  parts  of  the  building  are 
taken  from  the  manifold  w,  a  gate  valve  and  drip  valve 
being  attached  to  each  line,  as  shown.  The  drip  valves 
empty  into  a  waste  pipe  n,  which  in  turn  discharges  to  the 
sump.  The  return  pipes  o,  o  from  the  different  parts  of  the 
building  drop  down  at  the  back  of  the  hot- water  tank,  and 
connect  with  the  manifold  &  located  between  the  tanks. 
Each  one  of  these  lines  is  furnished  with  a  gate  valve  and  a 
drip  valve,  the  latter  being  connected  to  the  waste  pipe  to 
drip  the  lines  when  repairs  are  to  be  made. 

The  cold-water  pipes  p,  p  which  supply  different  parts  of 
the  building  are  taken  off  the  header  p^  at  the  back  of  the 
cold-water  tank.  In  some  places  the  conditions  are  such 
that  this  arrangement  cannot  be  used,  and  frequently  it  is 
advisable  to  bunch  all  the  pipes  and  valves  together  symmet- 
rically on  what  is  known  as  a  pressure  board,  labeling  and 
tagging  every  valve.  The  arrangement  shown  will,  however, 
give  satisfaction,  and  is  very  easily  understood  and  controlled 
by  the  engineer  in  charge.  The  pipe  q  from  the  house  tank  on 
the  roof  is  connected  as  shown  in  the  diagram,  Fig.  33  (^), 
and  has  a  check  q'  opening  from  the  tank  back  to  the  build- 
ing. Thus  the  tank  on  the  roof  will  always  be  full  of  water 
and' will  act  as  a  reserve  to  supply  the  building  should  the 
basement  supply  fail.  The  check-valve  q"  in  the  diagram 
prevents  the  water  in  the  fire-lines  from  flowing  into  the  roof 
tank,  but  in  the  event  of  a  fire  in  which  the  fire  pump  cannot 
hold  up  a  pressure  in  the  fire-lines  greater  than  that  corre- 
sponding to  the  height  of  the  roof  tank»  the  check  q"  will 
open  and  supply  the  fire-hose  from  the  roof  tank. 

81.  A  pop  safety  valve  r  is  located  on  the  header  of  the 
hot-water  tank  and  is  set  so  that  any  excessive  pressure,  such, 
for  instance,  as  may  occur  through  the  expansion  of  the  water 
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in  the  tank  while  being  heated,  and  because  of  the  presence 
of  the  check-valve  k,  will  be  released;  the  surplus  water  will 
flow  to  waste  through  the  pipe  «. 

82.  The  air  compressor  j  pumps  not  only  into  the  cold- 
water  tank,  but  also  into  a  storage  tank  /",  from  which  air 
under  pressure  may  be  drawn  for  various  purposes,  such  as 
blowing  dust  from  machinery,  etc.  The  regulator  f  on  a 
lowering  of  the  air  pressure  opens  the  steam  supply  to  the 
air  compressor,  thus  starting  it.  When  the  pressure  has  run 
up  to  the  point  the  regulator  has  been  set  for,  the  regulator 
automatically  shuts  off  the  compressor  steam  supply.  As 
long  as  the  compressor  is  delivering  air  into  the  cold-water 
tank,  the  valve  v  in  the  discharge  pipe  is  kept  wide  open. 
When  compressed  air  is  required  only  for  cleaning  purposes, 
etc.,  the  valve  v  is  closed;  the  compressor  then  delivers  into 
the  storage  tank  j" ,  from  which  the  compressed  air  is  con- 
veyed to  the  point  of  delivery  through  piping  and  flexible 
hose.  A  separate  valve  is  placed  close  to  the  cold-water 
tank  in  the  air  delivery  pipe,  to  permit  this  pipe  to  be  taken 
down  for  repairs,  or  the  valve  v  to  be  repaired  without  letting 
the  air  out  of  the  cold-water  tank. 

83.  The  pipe  /'  provided  with  a  funnel  on  top  is  intended 
to  receive  the  waste  from  the  filters,  discharging  it  into  the 
sump.  The  emptying:  pipes  from  the  filters  connect  into  this 
waste  pipe.  The  valve  s  is  used  to  empty  the  suction  tank  into 
the  sump.  The  valve  /  is  used  to  drain  the  hot-water  tank,  and 
a  similar  valve  (not  shown)  is  used  to  drain  the  cold-water 
tank.     Drips  from  the  pump,  etc.  may  also  go  into  the  sump. 


ICE-WATER  SUPPLY 


METHODS    OF    COOLINCJ     WATER 

84.  It  is  customary  in  public  and  semipublic  buildings 
to  install  one  or  more  drinking  fountains  and  to  supply 
them  with  filtered  and  cooled  water.  When  there  is  only 
one  fountain  in  a  building,  the  problem  of  cooling  the 
drinking   water  is   usually   solved   by   building  a   small   ice 
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chest  at  the  back  of  the  fountain  and  placing  in  the  box  a 
pipe  coil  made  of  block  tin.  through  which  the  water  circu- 
lates and  cools  before  reaching  the  faucet*  An  arrangement 
of  this  character  is  shown  in  Fig.  34.  The  box  a  is  lined 
with  sheet  lead  or  sheet  copper,  and  the  coil  6  is  placed 
firmly  on  the  bottom  of  the  tank  so  that  it  cannot  easily  be 
damaged  by  the  weight  of  ice.  From  10  to  12  feet  of  l-inch 
pipe  coil  is  usually 
sufficient  for  a  foun- 
tain of  this  kind. 


85-  When  several 
drinking  fountains 
are  installed  in  a 
building,  it  is  both 
cheaper  and  better  to 
provide  one  large  ice 
box  and  cooling  coil 
at  some  convenient 
point  and  pipe  the 
cold  water  through  a 
system  of  pipes  from 
the  tank  to  the  several 
fountains.  A  box  and 
coil  for  this  purpose 
are  shown  in  Fig.  35. 
A  coil  of  pipe  a  is 
placed  on  the  bottom 
of  a  riveted-stecl 
water-tight  ice  box 
or  tank  d  and  is  con- 
nected to  the  drink- 
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ing-water  supply  in  such  a  manner  that  all  water  drawn  at 
the  drinking  fountains  must  first  pas?»  through  the  coiL  The 
water  in  the  coil  of  pipe  is  cooled  by  placing  ice  in  the  tankj 
the  ice  melts  and  surrounds  the  coils  with  ice  water,  thus 
lowering  the  temperature  to  the  desired  degree.  The  tank  is 
[provided  with  an  emptying  pipe  c  and  an  overflow  pipe  d  that 
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enters  the  side  ol  the  box  at  a  high  enough  level  to  retain  a 
sufficient  depth  of  water  in  the  box  to  submerge  llie  coils 
and  float  the  ice*  The  overflow  pipe  should  extend  to  near 
the  bottom  of  the  tank  to  draw  off  water  from  that  point,  as 
it  is  usually  a  little  warmer  at  the  bottom  than  near  the  top* 
A  rack  ^  of  wood  protects  the  coil  from  injury  from  the  ice. 
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8(>»  The  best  material  for  ice  tanks  is  boiler  plate, 
although  wooden  boxes  lined  with  copper  or, sheet  lead  are 
sometim.es  used.  Iron  or  steel  tanks  are  better  able  to  with- 
stand the  hard  usage  incident  to  depositing  ice  in  them,  and 
are  not  affected  by  the  damp  to  so  great  an  extent  as 
wooden  tanks, 

87,  The  size  of  an  ice  box  depends  on  the  number  of 
drinking  fountains  for  which  it  must  cool  water  and  the 
terty3erature  to  which  the  water  must  be  lowered.  A  good 
temperature  for  drinking  water  is  from  45°  to  50*^  F,,  and 
allowing  for  a  rise  of  temperature  of  10°  in  passing  from  the 
cooler  to  a  drinking  fountain*  the  temperature  of  the  water 
in  the  ice  box  should  be  from  35®  to  40°  F,  To  secure  this 
temperature  space  enough  should  be  allowed  in  an  ice  box 
to  hold  at  least  50  pounds  of  ice  for  each  drinking  fountain. 
Greater  economy,  h<mever,  is  obtained  in  the  operation  of 
the  plant  by  making  the  ice  box  lurge  enough  to  hold  a  daily 
supply  of  ice  amounting  to  from  100  to  150  pounds  for  each 


fountain.     In    this    manner   the    temperature  of    the    entire 
enclosure  will  be  lowered  and  the  ice  melted  more  slowly. 

88.  The  ice  box  should  be  thoroughly  insulated  from  the 
atmosphere  by  at  least  6  inches  of  asbestos  fiber,  charcoal, 
or  other  equally  good  non-conductor  of  heat,  well  packed 
into  an  annular  space  provided  at  all  sides  and  below  the 
bottom  of  the  tank. 

Circulating  coils  for  ice  boxes  should  be  made  of  block- 
tin  pipe  or  tinned  copper  pipe,  coiled  or  bent  to  the  desired 
shape.  Owing  to  the  length  of  time  water  might  stand  in 
the  coil^  lead  or  iron  pipe  should  not  be  used  for  this  purpose, 
although  tin-lined  iron,  lead,  or  brass  pipe  would  not  be  so 
objectionable* 

To  properly  cool  enough  water  for  all  the  fountains,  allow- 
ance should  be  made  in  the  coil  for  at  least  10  feet  of  i-inch 
pipe  for  each  fixture  supplied.  The  coldest  water  is  obtained 
when  the  ice  is  allowed  to  rest  on  the  pipe  coil,  but  this  is 
frequently  considered  too  cold  for  wholesome  drinking. 


METHODS    OF    DISTRIBUTION 

89*  The  two  systems  of  distribution  for  supplying  ice 
water  to  drinking  fountains  are  the  direct  system  and  the 
circuia  t  inj^  system . 

In  the  direct  system,  the  ice  chest  is  located  in  the  base- 
mentj  cellar,  or  other  convenient  part  of  the  building;  a  supply 
main  is  taken  from  the  cooling  coil,  and  branches  are  extended 
from  the  main  to  the  various  drinking  fountains.  In  this 
method  of  supply,  the  water  in  the  distributing  pipes  remains 
stationary  when  water  is  not  being  drawn*  Hence,  it  heats, 
and  considerable  water  must  frequently  be  drawn  from  a 
faucet  before  cold  water  is  obtained* 

With  the  in*avity  clrcnlatinK  eystem  the  ice  tank  is 
located  in  the  attic  or  on  some  floor  above  the  highest 
drinking  fountain,  and  a  circulating  pipe  is  returned  from 
the  lowest  fiKture  to  the  cooling  coil,  so  that  water  from  the 
coil  will  circulate  to  the  lowest  drinking  fountain  and  back 
again  to  the  ice  box  to  be  cooled*    This  system  of  cold-water 
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circulation  is  shown  in  Figf.  36  (a).  With  this  system,  how- 
ever, the  difference  in  temperature  between  the  colunjus 
of  water  in  the  supply  pipe  and  circulation  pipe  is  so  small 
that  circulation  at  its  best  will  be  but  feeble;  therefore,  to 
increase  the  circulation  and  make  it  positive  an  injector 
nozzle  a  is  inserted  in  the  circulation  pipe  at  the  point  where 
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the  cold-water  supply  to  the  tank  joins.  When  a  faucet  is 
opened  to  draw  water  at  a  fountain,  water  flowing  through 
the  injector  nozzle  tends  to  create  a  vacuum  in  the  pipe  at  d 
and  thus  causes  water  to 'flow  from  the  supply  pipe  into  the 
circulation  pipe,  thereby  insuring  a  positive  circulation.  A 
light  swing  check-valve  c  prevents  water  from  flowing  the 
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reverse  way.  A  detail  of  the  injector  nozzle  and  check-valve 
is  shown  in  Fig.  36  (d).  If  the  water  pressure  is  50  pounds 
per  square  inch  or  over,  the  nozzle  may  be  i  inch  in  diam- 
eter, the  piping  being  i  inch;  if  the  water  pressure  is  below 
50  pounds  per  square  inch,  the  nozzle  should  be  from  I  to 
2  inch  in  diameter,  the  piping  being  f  inch. 

The  chief  objection  to  a  gravity  circulation  system  is  that 
on  account  of  the  tank  requiring  to  be  located  high  up,  all 
ice  must  be  raised  through  the  building  to  the  tank. 

90.  When  circulation  has  to  be  provided  between  an  ice 
tank  in  the  basement  and  a  number  of  fountains  on  the  upper 
floors,  it  can  be  obtained  to  a  limited  extent  by  using  an 
injector  nozzle.  The  most  reliable  method,  however,  is  to 
attach  a  small  pump  to  the  circulation  pipe  and  tlius  give 
a  forced,  positive  circulation.  This  is  usually  done  in  very 
large  buildings  where  the  drinking  water  is  cooled  by  a 
refrigerating  machine. 

91.  In  very  large  buildings  containing  twelve  or  more 
drinking  fountains,  or  in  buildings  where  the  temperature  of 
the  water  must  be  reduced  to  40°  F.  or  less,  it  is  usually  more 
economical  to  employ  a  refrigerating  machine  instead  of  an 
ice  box.  The  machine  should  be  capable  of  producing  from 
2  to  4  tons  of  ice  in  24  hours;  that  is,  its  ice-making  capacity 
should  be  from  2  to  4  tons. 
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WATER  HEATING  AND  STORAGE 


WATER  HEATING 


C1RCUI-.ATION    OF    WATER 

1.  General  Principles. — When  a  body  of  water  is 
increased  in  temperature,  it  expands  and,  consequently, 
occupies  more  space;  when  decreased  in  temperature,  it  con- 
tracts and  occupies  less  space.  The  smaller  the  space  a 
given  weight  of  water  occupies,  the  greater  is  the  density  of 
the  water;  and  the  greater  the  space  the  same  weight  of 
water  occupies,  the  less  dense  will  be  the  water.  Suppose 
that  a  given  volume  of  water  at  the  bottom  of  a  large  body 
of  water  in  a  vessel  is  raised  in  temperature  and  hence  has 
its  density  decreased.  Since  the  attraction  of  the  earth, 
that  is,  the  force  of  gravity,  is  less  on  a  given  volume  of  the 
warmed  water  than  on  the  same  volume  of  cold  water,  the 
cold  water  sinks  to  the  bottom  and  displaces  the  warm 
water,  which  rises  to  the  top.  If  a  small  volume  of  water 
near  the  bottom  be  heated  continuously,  the  warmed  water 
will  rise  in  a  stream  and  cold  water  will  flow  in  continuously 
to  take  its  place,  become  heated,  and  rise,  in  turn.  This  flow 
of  water  is  called  clrculntlon,  and  since  it  is  due  to  the  action 
of  the  force  of  gravity,  it  is  spoken  of  as  prravlty  circula- 
tion; a  circulation  of  water  due  to  this  cause  is  also  called 
natural  circulation,  to  distinguish  it  from  a  circulation 
induced  by  mechanical  means,  as  a  pump,  and  known  as 
forced  circulation. 
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2.  Suppose  that  a  vessel  is  partly  filled  with  water  and 
that  heat  is  applied  to  the  center  of  its  base  by  a  flame,  as 
shown  in  Fig.  1.  Heat  from  the  flame  is  absorbed  by  the 
bottom  of  the  vessel,  and  conducted  to  its  inner  surface,  from 
which  it  is  transmitted  to  the  nearest  portion  of  water.     This 

portion,  being  increased  in  tem- 
perature, becomes  less  dense, 
and,  consequently,  rises  toward 
the  surface.  The  water  that 
takes  its  place,  in  turn,  becomes 
heated  and  also  rises.  The  water 
at  the  top  is  cooled  by  coming 
in  contact  with  the  atmosphere. 
The  particles  of  water  touching 
the  sides  of  the  vessel  become 
cooled  by  the  transmission  of 
heat  from  them  through  the  metal 
to  the  outer  atmosphere.  Hence, 
the  particles  of  water  touching 
the  sides  will  descend  more  rap- 
idly than  those  some  distance  from 
it,  and  the  circulation  within  the 
water  will,  in  general,  be  about  as 
shown  by  the  arrows  for  the  case 
illustrated.  Circulation  within  an  undivided  volume  of  water, 
as  in  the  vessel  of  Fig.  1,  is  called  local  circulation. 

The  transmission  of  heat  through  a  liquid,  by  a  motion  of 
its  particles,  is  called  convection. 


Fig.  1 


3.  Suppose  a  U  tube  to  be  connected  near  the  top  by  a 
cross-pipe  having  a  water-tight  valve  a.  Fig.  2,  attached.  If 
this  valve  is  closed  and  cold  water  is  poured  into  the  loop 
until  the  surface  in  the  tube  b  is  at  the  dotted  line  c,  the  sur- 
face of  the  water  in  the  tube  d  will  be  at  the  dotted  level  liner. 
The  surface  of  the  water  in  one  tube  will  be  level  with  the 
surface  of  the  water  in  the  other  tube,  because  the  temper- 
ature of  the  water  will  be  the  same  in  both  tubes.  If  the 
valve  a  is  opened,  the  water  will  not  flow  from  one  tube  into 
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the  other,  because  no  hydrostatic  head  Will  be  present  to  pro- 
duce a  current.  Suppose  that  the  valve  a  h  closed  and  that 
heat  is  applied  to  the  base  of  rf  by  a  flame,  as  shown;  the 
water  in  (f  will  become  heated,  and  will  occupy  a  greater 
space.  Hence,  the  surface  of  the  water  in  the  tube  d  will 
rise  from  its  original  level  r  to  a  new  level,  as  ^ .  It  will  be 
noticed  that  while  the  columns  of  water  in  S  and  d  are  equal 
in  weight,  they  are  unequal  in  height,  the  warmer  column 
being  the  higher  one.  If  the  valve  a 
is  now  opened,  the  pressure  due  to  the 
head  of  water  between  the  levels  r  and  e 
will  cause  water  in  the  top  of  d  to  flow 
through  the  horizontal  tube  into  b. 
The  head  of  water  between  the  levels  c 
and  e  is  known  as  the  clreulatlou 
ht'Ud.  While  the  pressure  due  to  the 
circulation  head  is  very  low%  it  is  suf- 
ficient to  overcome  the  friction  of  the 
water  against  the  Inner  surface  of  the 
tubes  and  to  cause  a  free  flow  of  water 
into  /^,  Weight  is  thus  transferred 
from  d  to  if,  d  becoming  a  little  lighter 
atjd  b  a  little  heavier.  The  two  col- 
umns of  water  no  longer  balance; 
hence,  ^  sinks  and  d  rises.  The  cool 
water  from  d  passes  into  the  base  of  ^ 
and  absorbs  the  heatt  The  water  is 
thus  expanded,  its  weight  is  dimin- 
ished, and  it  is  crowded  upwards  by  the  cooler  and  heavier 
water  coming  in  beneath  it,  that  is,  a  circulation  is  estab- 
lished. The  rapidity  of  the  circulation  will  depend  on  the 
difference  in  temperature,  that  is,  the  difference  in  weight  of 
the  two  columns  d  and  6  and  the  various  resistances. 

4.  A  single  tube  a.  Fig*  3,  having  a  partition  d  will  oper- 
ate the  same  as  the  two  tubes  of  Fig.  2  when  heat  is  applied 
at  one  side.  But,  if  the  partition  is  removed,  the  upward  and 
downward  currents  will  miivyle  and  interfere,  thus  retarding 


Fio.  a 


HOT-WATER  SUPPLY 


§52 


the  circulation.  The  circulation  in  a  tube  without  a  partition 
will  be  very  slow  and  uncertain  if  the  tube  is  small  in  diameter. 
If  the  divided  tube  is  laid  in  a  horizontal  position,  the  cir- 
culation will  still  take  place,  but  at  a  much  slower  rate.     If 

no  partition  is  present,  the  circulation  will  be 

very  slow  and  imperfect. 

5.  The  circulation  of  water  in  a  pipe 
w^  system  used  for  cooling  purposes  depends 
^^a  on  a  change  in  the  density  of  the  water  by 
^^fl                cooling  instead  of  by  heating.     The  ice  or 

refrigerating  liquid  should  be  applied  near 
the  top  of  the  descending  column;  the 
material  that  is  to  be  cooled  should  be 
allowed  to  touch  only  the  ascending  column, 
and,  if  possible,  be  placed  at  its  base.  In 
this  way  the  greatest  possible  difference  in 
density  of  the  ascending  and  descending  col- 
umns will  be  obtained. 

6.  Water  must  be  heated  from  below 
and  cooled  from  above.  It  conducts  heat  so 
poorly  that  the  heating  or  cooling  depends 
very  largely  on  circulation.  A  liquid,  like 
mercury,  that  conducts  heat  readily,  can  be 
heated  from  any  direction. 

7.     Circulation   IJetween   Separate   Vessels. — If   the 

water  has  to  be  warmed  by  a  source  of  heat  some  distance 
from  the  vessel,  the  water  is  usually  warmed  in  a  separate 
heater  adjacent  to  the  source  of  heat  and  discharged  into  the 
other  vessel,  from  which  cold  water  passes  to  the  heater. 
So-called  circiilaitioii  pipes  convey  the  water  from  one 
vessel  to  another.  The  simplest  arrangement  of  the 
api)aratus  is  shown  in  Fi^.  1.  The  heater  C  is  located 
directly  over  the  source  of  heat,  a  g:as  flame  in  this  instance, 
so  that  it  will  be  subjected  to  the  direct  heat  of  the  fire,  and 
is  connected  by  pipes  />  and  /:'  to  the  vessel.  The  water 
will  tlien  receive  heat  from  the  flame,  be  thus  made  less 
dense,  ascend   in    the  floAv   pipe  Zf,  and  enter  the  vessel. 


Fig.  3 
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Cold  water  enters  C  through  the  rettirn  pipe  D  to  replace 
that  leaving  it  through  £.  A  continuous  circulation  is  thus 
maintained  between  the  vessel  and  the  heater  C,  the  currents 
flowing  in  the  direction  of  the  arrows.  This  simple  apparatus 
inustrates  the  manner  in  which  water  for  washing  and  other 
purposes  is  heated  in  modern  residences,  the  heater  C  being 
usually  placed  in  the  kitchen  range  and  adjacent  to  the  fire; 
the  vessel  at  the   left   in   Fig,  4, 

for  the 

located 

and    is 

boiler. 


which   forms  a  reservoir 
storage  of  hot  water,  is 
near    the    kitchen    range 
then   called    a    kitchen 
and  also  a  ran^e  boiler. 


Pm.  4 
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8.  The  velocity  of  the  circula- 
tion, and  hence  the  time  required 
to  heat  the  water  in  the  boiler, 
depends  on  the  diflference  in  the  mean  density  of  the  flow 
and  return  columns,  their  vertical  heights,  and  the  resistance 
to  the  flow  by  friction,  obstructions,  etc*  The  greater  the 
difference  in  density  between  the  columns,  or  the  greater 
their  vertical  heights^  the  greater  will  be  the  velocity  of  cir- 
culation; and  the  less  the  difference  in  density  of  the  columns, 
or  the  less  their  vertical  heights,  the  lower  will  be  the 
velocity  of  the  circulating  currents.  To  reduce  friction, 
sharp  bends,  contractions,  and  enlargements  of  the  circu- 
lating pipes  should  be  avoided;  their  presence  will  greatly 
retard  the  velocity  of  the  circulation. 

9.  Fig.  5  illustrates  an  actual  installation  of  hot-water 
heating  apparatus,  in  which  the  circulation  takes  place  as 
explained  in  conjunction  with  Fig,  4.  The  boiler,  shown  in 
section,  receives  hot  water  from  the  healer  B,  commonly 
called  a  water  hack,  and  stores  the  hot  water  until  it  is 
drawn  off  at  the  faucets,  *This  method  of  connecting  a 
kitchen  boiler  lo  the  kitchen  range,  and  to  the  plumbing 
Sfstem*  is  the  one  most  commonly  employed  in  the  United 
States  of  America.  The  boiler  is  fed  wi!h  cold  water  from 
the  street  main  by  ibe  pipe  I>.    The  boiler  being  filled  with 
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connected  to  the  top  of  the  boiler,  and  the  pipe  H,  which 
supplies  the  water  heater  B,  to  the  bottom.  Cold  water  is 
fed  to  the  boiler  through  an  inner  tube  /,  which  should  reach 
down  inside  the  boiler  to  a  point  about  3  inches  above  the 
level  of  the  water  heater.  The  reason  for  this  is  that  should 
there  be  a  partial  vacuum  formed  within  D,  such,  for  example* 
as  may  be  caused  by  fire-engines  pumping  water  from  the 
city  mains,  there  will  never  be  danger  of  siphoning  the  water 
in  the  boiler  to  a  point  below  the  water  heater.  As  an 
additional  precaution,  a  small  vent  hole  /is  usually  drilled  at 
the  top  of  the  tube  to  admit  air  to  D\  this,  normally,  will 
prevent  the  boiler  being  siphoned  below  the  level  of  the  vent 
hole.  Should  the  vent  hole  become  stopped  up  by  any  means, 
the  fact  that  the  inner  tube  /  ends  above  the  level  of  the 
waterback  will  insure  the  retention  of  the  water  in  the  water- 
hack  should  any  siphonic  action  take  place. 


10.     BolHuic  Point  or  Watei*,— The    point    at    which 

water  boils  varies  with  the  pressure,  but  the  temperature  at 
which  the  fonnation  of  steam  begins  does  not  increase  in  the 
same  ratio  as  the  pressure.  Thus,  water  boils  under  atmos- 
pheric pressure  at  sea  level  at  212^;  under  10  pounds  gauge 
pressure  at  238°,  which  is  an  increase  of  26^  temperature 
for  10  pounds  increase  of  pressure.  From  -W  to  60  pounds 
pressure  the  temperature  rises  from  297°  to  307°,  or  about  1° 
for  each  pound  of  pressure.  From  100  to  1 10  pounds  pressure 
the  temperature  rises  from  337 '^  to  344°,  or  about  7^  for  each 
10  pounds  of  pressure. 

Table  I  shows  the  boiling  point  of  water  (that  is,  the 
temperature  of  steam)  under  different  absolute  pressures, 
above  and  below  atmospheric  pressure;  also,  the  volume  of 
steam  at  a  given  pressure  compared  with  the  volume  it  will 
occupy  when  condensed,  that  is,  changed  to  water,  and  cooled 
to  the  point  of  maximum  density  {3J)/2*^  FJ. 

Water  cannot  be  heated  to  a  higher  temperature,  under  a 
given  pressure,  than  that  named  in  the  table*  If  the  tem- 
perature be  increased  the  pressure  will  be  increased;  con- 
versely, a  lowering  of  the  pressure  involves  a  decrease  of 


TABLE  I 
BOILING    POINTS    OF    WATER 


Is  ■ 

^1 

1    t^ 

CO      Z^^ 

si 

Vs. 

if 

n 

^1 

1 

103.0I8 

30,623 

46 

375.704 

563.0 

3 

136,302 

io*73«> 

48 

a78.34» 

540  9      ^ 

3 

141^054 

7*325 

50 

280.904 

520.5 

4 

153.123 

5. 5  S3 

53 

283,381 

501.7 

5 

162.370 

4*530 

54 

285,781 

484-3 

b 

170.173 

3.6i6 

56 
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1 
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58 
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8 
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3,912 

60 

292.575 
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9 
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62 
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lO 
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2^361 

64 
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412.6 

ft 
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a.iSQ        1 

66 

298. &4a 

400.8 

12 

303.013 

1.990 

68 

500.83" 

3S9.8 

13 
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J,G4S 

70 

302.774 

379-3 

M 

209.604 

1,721 

7a 

304.669 

369-4 

14  0!> 

212.000 

i.ti40 

74 

306.526 

360.0 

IS 
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1.614 

76 

306.344 

351^1 

16 

216,347 

i.5*y 

7S 

310.123 

342.6 

J7 

219.452 

1.434 

Bo 

311.866 

334-5 

i3 

222.424 
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S3 

3'3576 

326,8 

19 

225,255 

1,293 

84 

315  *S0 

319  5 

20 

227,964 

1*23 1 

66 

316.893 

312.5 

23 

233,i>f»9 

1^136 

S3 

318.5*0 

3«5S 

t!4 

257,So| 

1,03s 

9a 

330.094 

2994 

26 

243.2tf5 

9^*3^3 

92 

331.653 

293*3 

2S 

246,37'* 

897,6 

94 

335.183 

287.3 

3"^ 

250.^93 

841.3 

96 

324.688 

281.7 

3^ 

254.^HI2 

79t.8 

98 

326.169 

276.3 

34 

257-523 

74S,o 

soo 

32762s 

271,1 

3f' 

2^^j.S83 

708.8 
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331.169 

358-9 

33 

264.<Mj3 

673*7 

tlo 

334^53= 

247  8 

40 

267. I 6S 

642.0 

ns 

337  874 

337.6 

42 

370.122 

613-3 
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341.05B 

228.3 

44 

272.965 
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-    ^_ 
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the  temperature.  The  temperatures  of  the  water  and  of  the 
steam  that  is  in  direct  contact  with  it  are  always  equal. 
The  water,  however,  may  vary  several  degrees  in  temperature 
in  various  parts  of  the  boiler,  owing  to  the  loss  of  heat  by 
radiation  or  cooling. 

11.  Exi>anslon  of  Water. — The  change  in  volume, 
that  is,  the  amount  of  expansion  or  contraction,  of  a  given 
quantity  of  water  due  to  heating  it  from  one  temperature  to 
another  can  be  found  by  the  aid  of  Table  II,  which  gives  the 

TABLE  II 
EXPANSION    OF    WATER 


Tem- 
pera- 
ture 

Compara- 
tive 
Volume 

Compara- 
tive 
Density 

Desrrees 
Pahr. 

Water  at 

Water  at 
320  =  1 

32 

1. 00000 

1. 00000 

35 

.99993 

1.00007 

39.1 

.99989 

I.OOOII 

40 

.99989 

l.OOOII 

45 

.99993 

1.00007 

46 

I. 00000 

1. 00000 

50 

I.00015 

.99985 

52.3 

1.00029 

.99971 

55 

1.00038 

.99961 

60 

1.00074 

.99926 

62 

I.OOIOI 

.99899 

65 

I.00II9 

.99881 

70 

I.OOI60 

.99832 

75 

1.00239 

.99771 

80 

1.00299 

.99702 

85 

1.00379 

.99622 

90 

1.00459 

.99543 

95 

1.00554 

.99449 

100 

1.00639 

.993f>5 

105 

1.00739 

.99260 

no 

1.00889 

.99119 

"5 

1.00989 

.99021 

120 

1. 01 139 

.98874 

125 

I.OI239 

.98808 

130 

1. 01390 

.98630 

Weififht 

of 
I  Cubic 

Foot 
Pounds 


62.418 
62.422 
62.425 
•62.425 
62.422 
62.418 
62.409 
62.400 
62.394 
62.372 
62.355 
62.344  I 
62.313  I 
62.275  I 
62.240  I 
'62.182  I 
62.133 
62.074 
62.022 
61.960 
61.868 
61.807 

61.715 
61.654 
61.563 


Tem- 
pera- 
ture 

Compara- 
tive 
Volume 

Compara- 
tive 
Density 

Dcgrrecs 
Fahr. 

Water  at 
32°  =  ,. 

Water  at 

32°  -I 

135 

I.OI539 

.98484 

140 

1. 01 690 

.98339 

145 

I.OI839 

.98194 

150 

I. 01989 

.98050 

155 

I. 02 164 

.97882 

160 

1.02340 

•97714 

165 

1.02589 

.97477 

170 

1.02690 

.97380 

175 

1.02906 

.97193 

180 

1. 03100 

.97006 

185 

1.03300 

.96828 

190 

1.03500 

.96632 

195 

1.03700 

.96440 

200 

1.03889 

.96256 

205 

I. 04 I 40 

.96020 

210 

1.04340 

.95840 

212 

1.04440 

•95750 

230 

1.05290 

:9499<3 

250 

1.06280 

.94110 

270 

1.07270 

.93230 

290 

1.08380 

.92270 

298 

1.08990 

.91750 

338 

I.III80 

.89940 

366 

I.I30IO 

.88500 

390 

I. 14440 

.87380 

Weiipht 

of 

I  Cubic 

Foot 

Pounds 


61.472 
61.381 
61.291 
61.201 
61.096 
60.991 
60.843 
60.783 
60.665 
60.548 
60.430 
60.314 
60.198 
60.081 
59-930 
59.S20 
59.760 
59  3^x^> 
58.750 
58.180 
57.590 
57-270 
56.140 
55.290 
54.540 
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volume  of  a  given  weight  of  water  compared  with  the  volume 
of  the  same  weight  at  32°  F.,  taking  the  latter  volume  as  1. 
The  change  in  length  or  height  of  a  given  body  of  water, 
due  to  heating  or  cooling,  can  be  readily  found  from  the 
change  of  volume.  In  practice,  the  heated  water  is  usually 
confined  in  round  vessels  of  uniform  cros^-section,  as  pipes, 
.  for  instance.  Then,  with  such  vessels,  the  change  in  length 
or  height  is  found,  in  inches,  by  dividing  the  change  of  volume, 
in  cubic  inches,  by  the  cross-sectional  area  of  the  confining 
vessel,  in  square  inches. 

Rule  I. — To  find  the  new  volume  of  a  quantity  of  water  at 
a  given  temperaturey  multiply  the  original  volume  by  the  com,- 
Parative  volume^  taken  from  Table  II y  at  the  new  temperature. 
Divide  the  product  by  the  comparative  volume^  taketi  from, 
Table  II y  at  the  original  temperature. 

Rule  II, — To  find  the  change  in  volume  of  a  given  quantity 
of  watery  due  to  a  change  of  temperaturCy  take  the  difference 
between  the  new  volume  found  by  rule  I  and  the  original 
volume. 

Example  1. — A  vertical  cylindrical  vessel  contains  40  United  States 
standard  gallons  of  water  which  is  heated  from  62°  F.  to  200°  F. 
What  is  the  new  volume  of  the  water,  in  cubic  inches? 

Solution.— The  original  volume  is  40  X  231  =  9,240  cu.  in.  By 
Table  II,  the  comparative  volume  at  t)2°  =  1.00101,  and  at  200° 
=  1.08880.     Applying    rule    I, 

.  9,240X1.03889         «  r;on  «/.  A 

new  volume  =  -  nnini ~  9,589.66  cu.  m.    Ans. 

Example  2. — What  is  the  change  in  volume  of  the  water  mentioned 
in  example  1,  under  the  conditions  there  stated? 

Solution.—    9,589.66  -  9,240  =  349.66  cu.  in.     Ans. 

Example  3. — If  the  vessel  mentioned  in  example  1  is  18  inches  in 
diameter,  how  much  will  the  water  rise  therein  under  the  conditions 
stated  in  that  example? 

Solution. — The   cross-sectional    area   of   the   vessel  is  18*  X  .7854 

=  254.47  sq.  in.     The  change  in  volume  of  the  water  being  349.66 cu.  in., 

349  fk)  ^ 

the  increase  in  height  is  *    '/;«  =  1.37  in.     Ans. 
2')4.4/ 
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FIRE-11  RATED    WATEH    HEATERS 

12-     Wttterl»ai*ks. — A  so-called  ivaterUack  is  generally 

used  fur  heating  waler  for  domestic  purposes ,  and  is  located 
inside  the  kitchen  range,  forming  one  side  of  the  firebox. 
The  waterback  is  an  iron  casting  having  two  passages  cored 
therein,  and  has  at  one  end  two  tapped  holes,  one  for  each 
passage,  for  either  5  inch  or  1-inch  pipe,  according  to  size. 
While  this  form  of  water  heater  is  niost  generally  called 
a  waterback,  there  are  many  places  where  its  name  changes 
with  its  position  in  the  firebox  of  the  range.  For  example, 
when  the  water  heater  is  located  at  the  side  or  front  of  the 
range,  it   is  often  called  a  water  frmii. 

A  waterback  is  shown  in  section  in  Fig.  6,  The  casting  a 
is  the  heater.  Its  flat  sides  are  tied  together  by  a  partition  b^ 
which  also  compels 
the  water  to  circulate 
through  the  entire 
length  of  the  casting. 
The  pipe  c  supplies  the 
heater  with  cold  water, 
usually  taken  from  the 
bottom  of  the  kitchen  boiler,  and  is  called  the  reiurtipipe  to  the 
waterback.  The  pipe  ^receives  hot  water  from  the  heater  and 
delivers  it  to  the  boiler,  where  it  is  stored  ready  for  use. 


Fic.  « 


13»  A  waterback »  since  it  has  water  inside  and  fire  out- 
side, is  exposed  to  severe  internal  strains,  and  hence,  for 
safety^  the  metal  must  be  much  thicker  than  is  required  to 
merely  resist  the  water  pressure.  Waterbacks  are  usually'^ 
designed  to  resist  a  pressure,  when  cold,  of  700  pounds  per 
square  inch,  but  in  constant  use  they  are  sometimes  over- 
heated and  weakened,  or  are  eaten  away  by  internal  corro- 
sion, and  if  an  extraordinary  pressure  is  then  brought  to 
hear  within  them,  they  will  explode  with  disastrous  effect. 
To  prevent  this  occurrence,  they  should  be  inspected  periodic- 
ally, and  replaced  by  new  ones  when  their  condition  arouses 
doubt  of  their  safety. 
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The  size  of  a  waterback  is  measured  by  its  heating  sur- 
face, in  square  inches,  reckoning  only  that  side  which  is 
exposed  to  the  fire.  On  an  average,  about  100  square  inches 
of  external  heating  surface  is  sufficient  for  a  40-gallon  boiler 
where  water  is  supplied  under  pressure  from  the  street  main, 
or  a  50-gallon  boiler  where  water  is  pumped  by  hand  to  a 
tank  at  the  top  of  the  house. 

The  quantity  of  water  heated,  the  time  required  to  heat  it, 
and  the  quantity  of  water  consumed,  vary  in  every  case; 
hence,  the  size  of  a  waterback  that  should  be  placed  in  a 
range  depends  on  the  plumber's  judgment.  A  large  boiler 
requires  a  large  waterback,  and  a  small  boiler  a  small  one. 
A  large  boiler  combined  with  a  small  waterback  results  in  a 
scarcity  of  hot  water,  although  the  combination  may  give 
plenty  of  luke-warm  water.  A  large  waterback  combined 
with  a  small  boiler  results  in  boiling  hot  water,  and  rum- 
bling, snapping,  and  cracking  noises  that  are  caused  by  the 
formation  of  steam. 


14.     Incrustation  In  Waterbacks. — In  localities  where 

the  water  supply  is  hard,  a  deposit  of  lime  forms   on   the 

interior  walls  of  a 
waterback,  as  shown 
in  Fig.  7,  and 
accumulates  until 
the  passageway  for 
water  is  completely 
choked.  The  period 
of  time  in  which  a 
waterback  will  be- 
come completely 
obstructed  with 
lime,  depends  on  the 
decree  of  hardness  of  the  water  and  the  amount  of  water 
heated.  In  some  localities,  a  waterback  will  become  choked 
in  from  4  to  (5  weeks  if  no  means  are  employed  to  prevent 
the  incrustation.  When  a  waterback  becomes  completely 
stopped  with  lime  so  that  water  cannot  circulate  through  it,  the 


Fig.  7 
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waterback  must  be  removed  from  the  range  and  cleaned. 
li  it  is  not  cleaned  I  steam  will  be  generated  in  the  water- 
back  and  force  its  way  back  to  the  boiler,  where  the  steam 
bubbles  on  encountering  cold  water^  will  collapse  with  a 
rattling,  snapping  sound  that  is  quite  alarming.  Finally, 
the  metal  of  the  waterback  w^ill  become  overheated  and  its 
tensile  strength  greatly  weakened  thereby* 

To  clean  a  waterback,  the  water  must,  first  of  all,  be  shut 
off  from  the  boiler  and  the  water  therein  drawn  off.  This 
is  done  by  opening  the  blow-off  cock  at  the  bottom  of  the 
boiler  aod  opening  a  hot-water  faucet  at  some  Bxture  to 
open  the  boiler  to  the  atmosphere,  since  if  air  is  not  adnnitted 
to  the  boiler  the  water  will  not  run  out.  If  the  opening  of 
a  hot-water  faucet  fails  to  start  the  water  in  the  boiler,  the 
hot-water  supply-pipe  coupling  on  top  of  the  boiler  should 
be  uncoupled  to  let  in  air.  When  the  boiler  is  empty,  the 
connections  to  the  waterback  should  be  unscrewed  and  the 
waterback  removed  from  the  range*  It  is  then  ready  for 
the  actual  work  of  cleaning.  This  is  done  by  pounding  the 
waterback  with  a  hammer  to  loosen  the  scalesr  a  long 
slender'  chisel  is  then  used  inside  to  break  up  the  incrusta- 
tion, and  detach  any  particles  that  adhere  to  the  sides*  As 
the  incrustation  is  loosened ^  it  should  be  removed  by  turn- 
ing the  waterback  so  that  the  openings  point  downwards, 
and  dropping  it  on  a  plank  to  jar  out  the  loosened  lime» 

In  some  casesi  the  lime  incrustation  is  so  baked  to  the 
sides  of  the  waterback  that  it  is  necessary  to  cut  it  out  with 
acid.  Hydrochloric  acid,  cominonly  called  muriatic  acid,  is 
generally  used  for  this  purpose*  It  is  poured  into  the  w^ater- 
back  and  allowed  to  cut  and  weaken  the  incrustation  so  that  it 
can  be  removed  in  the  manner  already  described,  A  water- 
back  that  has  been  cleaned  with  acid  should  be  thoroughly 
cleansed  with  water  before  being  replaced  in  the  range. 


15p  The  incrustation  of  waterbacks  by  lime  can  be 
checked  to  a  certain  extent  by  chemically  treating  the  water 
before  it  enters  the  w^aterback*  Fig"*  8  shows  a  device  for 
automatically  feeding  the  chemical  to  the  water.     The  chem- 
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ical  used  in  this  apparatus,  which  depends  on  the  character  of 
the  water,  is  prepared  in  the  form  of  a  salt,  and  furnished  by 
the  manufacturer  of  the  apparatus.  The  salt  is  placed  in  the 
chamber  a  through  the  handhole  by  and  is  then  thoroughly 


Pio.8 

moistened;  the  two  valves  c  and  d  are  now  opened  and  the 
apparatus  is  ready  to  feed  automatically  the  chemical  to 
the  water  circulating  from  the  boiler  to  the  waterback.  The 
petcock  c  is  used  to  draw  off  sediment  from  the  chamber. 
The  apparatus  is  placed  on  the  circulating  pipe  from  the 
boiler  to  the  waterback.     It  should  never  be  placed  on  the 

,  flow  pipe  from  the  water- 
■  back  to  the  boiler,  as  the 
lime  would  then  deposit 
in  the  waterback  before 
the  chemical  was  mixed 
with  it. 

16.    Firebox  Colls. 

J  In  place  of  a  waterback, 
a  pipe  coil,  shown  in 
Fig.  9,  is  occasionally 
used  for  heating  water 
for  domestic  purposes.  The  coil  is  usually  made  of  a  copper 
tube,  4  inch  internal  diameter  and  about  i  inch  thick,  and  is 
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placed  on  the  inner  edge  of  the  firebricks,  as  shown,  A 
heating  coil  Uke  that  shown  is  safer  than  a  w^aterback» 
because  it  contains  only  a  small  quantity  of  water,  and  hence 
an  explosion  will  not  be  very  violent;  on  the  other  handi 
owingf  to  its  limited  heating  surface  it  will  heat  only  a  small 
quantity  of  water.  Furthermore*  a  heating  coil  will  be 
choked  by  incrustation  much  faster  than  a  waterback. 
These  considerations  render  the  use  of  heating  coils  inadvis- 
able except  under  conditions  especially  favorable  to  them, 
and  hence  they  are  seldom  installed. 

17.     Special   Water    Heater- — In    places   where    large 

quantities  of  hot  water  are  required  for  domestic  purposes^ 
as  in  hotels,  clubs,  and  bath  houses,  sufficient  heat  cannot 
be  obtained  from  the  kitchen  range,  and  hence  special 
heaters »  which  can  be  obtained  in  the  open  market,  are 
installed.  One  form  of  such 
a  heater,  heated  by  a  coal 
fire,  shown  in  Fig.  10,  con- 
sists  of  a  hollow  annular 
casting  or  ring  a„  between 
the  walls  of  which  water  is 
heated  by  the  fire  and  hot 
gases.  Water  from  a  stor- 
age tank  enters  the  water 
space  of  the  heater  near  the 
bottom  through  the  return 
circulation  pipe  b.  It  is 
heated  by  the  fire,  rises  to 
the  top  of  the  heater,  and 
passes  through  the  flow  pipe  c 
to  the  storage  tank,  thus  ^ 
establishing  a  circulation. 

The  connections  to  fire-heated  water  heaters  are  usually  of 
H-inch  pipe  for  a  IW*gaIlon  boiler,  H-inch  pipe  for  a 
200-gallon  boiler,  and  2- inch  pipe  for  a  300- gallon  boiler. 

18*  The  size  of  a  water  heater  to  do  a  given  amount 
of  heating  may  be  approximated  by  calculating  the  grate 
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surface  it  should  have,  by  the  following  rule.  Before  this 
rule  can  be  applied,  it  is  necessary  to  estimate  the  probable 
combustion  rate  per  square  foot  of  grate  surface.  Experi- 
ence indicates  that  the  combustion  rate  averages  3  pounds  of 
coal  per  square  foot  of  grate  surface  per  hour  in  small  heaters 
under  usual  conditions;  in  large  heaters  a  combustion  rate  of 
4a  pounds  of  coal  may  safely  be  figured  on.  Where  a  large 
heater  receives  constant  attendance,  the  figure  given  may  be 
much  exceeded;  it  is  wise,  however,  to  figure  on  the  usual 
combustion  rate  to  provide  for  contingencies,  such  as  poor 
coal,  poor  attendance,  etc.  The  amount  of  heat  transferred 
to  the  water  per  pound  of  coal  must  also  be  estimated;  in 
practice,  this  amount  has  been  found  to  average  about 
8,000  British  thermal  units  per  pound  of  coal  burned. 

Rule. — To  find  the  grate  surface  required  for  a  water  heater^ 
in  square  feety  multiply  the  weight  of  water  to  be  heated  Per  hotiry 
in  pounds,  by  the  required  temperature  rise,  in  degrees  Fahrenheit. 
Divide  this  product  by  SfiOO  times  the  estimated  coal  consump^ 
Hon  per  square  foot  of  grate  surface  Per  hour. 

Or,  G  =  -^'- 

8,000  C 

where    G  —  grate  surface,  in  square  feet; 

W  =  weight  of  water  per  hour,  in  pounds; 
/  =  difference  between  initial  and  final  temperature 

of  the  water,  in  degrees  Fahrenheit; 
C  =  combustion  rate  per  square  foot  of  grate  surface 
per  hour. 

Example.— What  gyrate  surface  is  required  for  a  water  heater  that  is 
to  heat  1, 000  United  vStates  gallons  of  water  per  hour  from  50°  to  180°, 
the  combustion  rate  being  estimated  at  4i  pounds  per  hour  per  square 

foot  of  grate  surface? 

Solution. -The  weight  of  water  is  1,000  X  8.3  =  8,300  lb.  Substi- 
tuting values  in  the  formula  given, 

^       S,3(X)  X  (180  -  r>0)        ^         ^  y         K 

^  =   -      8.000  X  4i  =  ^  "^-  ^-  "^""'y-     ^^- 
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STEAM-UEATED  WATER  HEATERS 

19-  Con  St  ruction  and  Instti  lint  Ion* — The  hot- water 
supply  for  large  buildings,  hotels,  etc,  is  sometimes  heated 
by  steam,  the  installation  of  the  system  being  about  as  shown 
in  Fiif,  IL  A  horizontal  boiler  -i  is  shown,  but  a  verti- 
cal one  can  be  used  equally  as  well.  The  steam  is  taken 
in  at  the  valve  C  and  after  passing  through  the  coil  D  of 
brass  or  copper  pipe,  passes  off,  in  the  form  of  water,  through 
the  pipe  ^  to  a  steam  trap.  The  coil  should  be  inclined  so 
that  the  steam  which  is  condensed  within  the  tubes  will  flow, 
by  gravity,  toward  the  exit  E.  The  cold-water  supply  pipe 
is  shown  at  B,  the  hot- water  supply  pipe  to  the  fixtures  at  /% 
and  the  return  pipe  from  the  fixtures  at  G, 

The  supply  of  steam  for  heating  the  coil  tnay  be  shut  off  at 
times,  or  may  be  withdrawn  during  the  summer.  In  that  case, 
an  auxiliary  heater 
must  be  provided; 
this  may  be  arranged 
as  shown  in  Fig*  11, 
It  consists  mainly  of 
a  furnace  chamber 
that  is  surrounded 
by  a  cast-iron  water- 
jacket  H\  The  cool 
water  flows  down  the 
pipe  /and,  becoming 
warmed  in  the  jacket 
//,  flows  upwards 
through  the  pipe  /, 
thus  maintaining  a 
constant    circulation.  ^"^'  ^* 

Steam  coils  in  tanks  for  heating  water  generally  use 
exhaust  steam  from  engines;  a  live  steam  connection  is 
usually  provided,  by  which  live  steam  can  be  turned  on 
in  case  the  engines  are  shut  down.  The  amount  of  coil 
heating  surface  used  in  large  tanks  is  about  1  square 
fool   for   every    15    gallons   of    capacity   of    the    taoki    or. 
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what  is  equivalent,  1  lineal  foot   of   1-inch  pipe  for  every 
5  gallons  in  the  tank. 

20.  A  method  of  installation  utilizing  steam  from  an 
ordinary  house  steam-heating  system  as  an  auxiliary  means 
of  heating  the  water  in  a  kitchen  boiler,  is  shown  in  Fig.  12. 
Two  pieces  of  2-inch  pipe  a  and  b  are  screwed  together  to 
form  the  letter  L  and  a  J-inch  brass  or  copper  tube  is  placed 
inside,  as  shown  by  dotted  lines.  The  top  end  of  this  tube 
is  connected  to  a  f-inch  or  1-inch  pipe  c  that  connects  to  the 

top  of  a  steam  main. 
The  lower  end  of  the 
inner  tube  connects 
to  a  return  main  by 
a  4-inch  pipe  d,  at  a 
point  below  the  water- 
line  w.  /.  of  the  steam 
boiler.  An  automatic 
air  vent  is  located 
at  e.  The  space 
around  the  inner 
tube,  enclosed  by  the 
2-inch  pipe,  is  con- 
nected to  the  hot- 
water  pipe  over  the 
boiler,  and  to  the 
bottom  of  the  boiler, 
as  shown.  The  steam 
attachment  for  heat- 
ing the  boiler  is  thus 
separate  from,  and  independent  of,  any  other  heating  attach- 
ments. It  will  operate  automatically  and  without  attention. 
When  the  steam  boiler  is  fired,  steam  will  rise  in  r,  and  the 
pressure  will  force  the  air  out  of  the  inner  tube  through  the 
vent  f.  As  the  steam  fills  the  inner  tube,  it  will  rapidly 
impart  its  heat  to  the  water  in  the  2-inch  pipe,  and  the 
condensed  steam  will  flow  by  gravity  back  to  the  boiler 
through  d.     The  hot   water  in   the  2-inch  pipe  being   less 
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dense  than  that  in  the  boiler,  will  rise  and  flow  tnto  the  top 
of  the  boiler>  while  cold  water  wil)  flow  from  the  bottom  of 
the  boiler  to  take  its  place*  as  shown  by  the  arrows.  The 
leng^th  of  the  inner  tube  should  be  at  least  8  feet  for  a 
40-ganon  boiler  in  an  ordinary  house. 

21.     Heating  Surface  of  Steam  CoH  Heaters, — The 

theoretical  amount  of  heating  surface  required  in  a  steam 
coil  to  heat  a  certain  quantity  of  water  in  a  given  time,  can 
be  found  by  dividing  the  total  number  of  British  thermal 
units  required  to  heat  the  water  by  the  number  of  British 
thermal  units  given  off  in  a  given  time,  per  square  foot  of 
heating  surfacej  in  the  coil.  It  has  been  found  in  practice 
that  1  square  foot  of  heating  surface  in  a  steam  coil  made 
of  pipe  about  k  inch  thick  will  transmit  in  1  hour  3(X)  British 
thermal  units  if  the  pipe  is  of  copper,  and  200  British  thermal 
units  if  the  pipe  is  of  wrought  iron,  for  each  degree  of 
temperature  difference  between  that  of  the  steam  and  sur- 
rounding water.  From  these  considerations  the  following 
rule  has  been  derived,  in  which  an  allowance  of  25  per  cent 
has  been  made  for  contingencies: 

liule* — To  find  the  keaiinj^  surface  required  to  heat  a  givett 
wtighi  af  wafer  per  hour  dy  a  steam  coil,  muiiiply  t.25  times 

the  weight  of  water,  in  pounds  per  hour,  t^y  the  required  rise  in 
temperature  of  (he  watery  in  degrees  Fahrenheit.  Divide  the 
product  by  the  product  of  300  for  copper  pipe,  or  200  for  ivrouj3[ht- 
irofi  pipe^  and  the  difference  betiveen  the  temperature  of  the  steam 
and  the  average  temperature  of  the  heated  water.  The  quotient 
wiii  de  the  required  heating  sun f ace ^  in  square  feet, 

f(T-tJ 

where   S  =  heating  surface  of  steam  coil»  in  square  feet; 
tV  =  weight  of  water,  in  pounds  per  hour; 
/  =  temperature  rise  of  water; 
/  =  300  for  copper  pipe»  and  200  for  wrought- iron 

pipe; 
T  —  temperature  of  the  steam  j 
/a  =  average  temperature  of  tlie  water* 


Or, 


5  = 
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It  should  be  noted  that  by  the  term  averagfe  temperature 
of  the  water  is  meant  one-half  the  sum  of  the  temperatures 
at  entering  and  leaving  the  heater. 

Example. — How  many  square  feet  of  heating  surface  wiU  be 
required  in  a  copper  steam  coil  to  heat  200  United  States  gallons  of 
water  per  hour  from  50°  to  190°  F.,  the  steam  having  a  temperature 
of  240°  P.? 

Solution. — Since  a  United  States  gallon  of  water  weighs  8.3  lb., 

the  water  to  be  heated  per  hour  is  200  X  8.3  =  1,660  lb.     The  temper- 

'  ature  rise  is  190  —  50  =  140°  F.     The  average  temperature  of  the  water 

X<X)  4-  50 
is      -A- —  =  120°  F.     Substituting  in  the  formula  corresponding  to 

,      ^       1.25X1.660X140        «         **  i         a 

'^^  '"^^'  ^  =  360"M240  -  120)    =  ^  '^-  ^^-  °^^"^y-    ^^• 
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CONSTRUCTION    OF    HOT-WATER    BOILERS 

22.  The  reservoir  for  the  storage  of  water  heated  by 
some  form  of  a  water  heater  is  usually  called  a  boiler;  for 
domestic  use,  these  boilers  are  made  either  of  copper, 
thoroughly  tinned  on  the  inside,  or  of  galvanized  iron.  They 
are  commonly  set  in  a  vertical  position,  but  when  circum- 
stances re(iuire  it  they  can  be  set  horizontally.  The  usual 
construction  of  a  boiler  is  shown  in  Fig.  5;  referring  to  that 
illustration  it  will  be  seen  that  the  boiler  consists  of  a  cylin- 
drical shell  closed  by  heads  riveted  thereto.  Suitable  bosses 
tapped  with  standard  pipe  threads  are  provided  for  the  neces- 
sary pipe  connections.  The  boiler  shown  is  single;  boilers 
are  also  made  double,  one  within  another,  to  suit  places 
where  the  water  is  supplied  from  two  sources  at  different 
pressures,  and  where  one  water  heater  must  heat  the  water 
for  both  boilers.  Iron  boilers  are  galvanized  after  they  arc 
riveted  to;,a^ther.  The  interior  of  a  boiler  can  be  examined 
by  pushin<i  a  lighted  candle  inside  and  looking  through  the 
pipe  holes. 

23.  Boilers  that  are  constructed  with  a  single  line  of 
rivets  in  the  longitudinal    seam  are  called   slnprle-rivcteil 
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t>oiIers^  and  are  suitable  for  pressures  lower  than  40  pounds » 
by  the  gauge.  Those  having  two  lines  of  rivets  in  zigzag  or 
alternate  order  are  called  iloutile^rlveted  boilers,  and  are 
suitable  for  pressures  greater  than  40  pounds  per  square  inch, 
A  single  row  of  rivets  is  sufficient  to  secure  the  head  or  the 
bottom.  The  boilers  known  as  standard,  which  are  gener- 
[  ally  single-riveted,  are  usually  tested  by  the  makers  under  a 
I  hydrostatic  test  of  150  to  200  pounds  per  square  inch;  and 
extra  heavy  boilers,  which  are  generally  double-riveted,  are 
tested  to  250  pounds  by  the  gauge. 

24,  The  size  of  boiler  to  be  placed  in  a  residence  cannot 
be  found  from  theoretical  considerations.  Experience  shows, 
however,  that  a  40-gallon  boiler  is  usually  sufficient  for  a 
house  having  one  bathroom,  one  sink^  and  a  set  of  wash 
tubs.  If  there  are  two  bathrooms,  a  50- gallon  or  60-gallon 
boiler  should  be  used.  It  is  good  policy  to  have  the  boiler 
a  little  too  large  rather  than  too  small,  particularly  if  the 
water  pressure  is  low* 

25 w  Safety  valves  are  not  necessary  when  the  boiler  is 
^connected  directly  to  the  street  mains  or  draws  its  watef 
supply  from  a  house  tank,  because  the  expansion  of  the  water 
in  the  boiler  will  then  force  the  surplus  water  into  the  supply 
pipe.  When  there  is  a  check-valve  or  a  pressure-reducing 
valve  in  the  cold-water  supply  pipe,  however,  a  safety  valve 
must  be  placed  in  the  hot- water  supply  pipe  or  on  the 
boiler;  this  valve  should  be  so  located  that  the  surplus 
water  discharged  from  it  will  flow  into  a  sink  or  some  other 
convenient  place. 

A  vacuum  valve  should  be  attached  to  copper  boilers  if 
they  arc  likely  to  be  emptied  and  lo  have  at  limes  a  partial 
vacuum  formed  inside,  to  prevent  the  pressure  of  the 
utmosphere  crushing  the  thin  shell.  A  boiler  that  is  sup- 
plied with  an  ex]mnsion  pipe  needs  neither  a  vacuum  valve 
nor  a  safety  valve. 

26.  The  usual  stock  sizes  and  capacities  of  galvanized- 
iron  range  boilers  are  given  in  Table  III. 
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27.  When  the  capacity  of  the  hot-water  reservoir  exceeds, 
say,  200  gallons,  it  is  customary  to  call  it  a  hot-Mrater  tank. 
Large  hot-water  storage  tanks  are  generally  suspended  from 
the  overhead  beams  by  means  of  iron  bands.  Sometimes, 
however,  they  rest  on  cast-iron  saddles  placed  on  the  floor  or 
on  brick  piers. 

Storage  tanks  are  most  generally  used  in  large  apartment 
and  tenement  houses,  and  similarly  used  buildings;  their  capac- 
ity is  usually  based  on  the  number  of  families  to  be  supplied, 

TABLE  III 
CAPACITY    OF    RANGE    BOILERS 


Capacity 

U.  S. 

Gallons 

Length 

Diameter 

Capacity 

U.  S. 

Gallons 

Length 

Diameter 

Feet 

Inches 

Feet 

Inches 

l8 

3 

12 

48 

6 

M 

21 

l\ 

12 

52 

5 

16 

24 

4 

12 

53 

4 

18 

24 

3 

M 

63 

6 

16 

^1 

4* 

12 

66 

5 

18 

28 

3* 

M 

79 

6 

18 

30 

5 

12 

82 

5 

20 

32 

4 

M 

98 

6 

20 

35 

5 

13 

100 

5 

22 

36 

6 

12 

120 

6 

.22 

36 

4i 

M 

120 

5 

24 

40 

5 

14 

144 

6 

24 

42 

4 

i6 

168 

7 

24 

47 

4i 

i6 

192 

8 

24 

and  is  as  follows:  For  from  10  to  15  families,  from  22  to 
25  j^allons  capacity  per  family;  for  from  15  to  20  families, 
20  to  22  jTfallons  capacity  per  family;  for  from  20  to  25  fami- 
lies, 1(S  to  20  e^allons  capacity  per  family;  for  from  25  to  30 
families,  16  to  IS  j^allons  capacity  per  family.  The  capacities 
given  have  in  practice  been  found  to  be  ample  if  no  laundry 
work  is  done.     Should  laundry  work  be  done,  however,  the 
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capacity  per  family  should  be  made  at  least  50  per  cent, 
larger,  on  account  of  the  great  demand  for  hot  water  on 
wash  days*  

L  CONNECTIONS    TO    HOT-TVATER    BOI1.ERS 

28.     Uffiiiiil  €oiiiic»etIoiis  to  Vertical  Ballerti* — A  very 

common  method  of  connecting  up  vertical  range  boilers  is 
shown  in  Fig*  13.  The  cold-water  pipe  X  should  enter  at 
the  top  of  the  boiler  and 
end  at  the  line  a  b,  which 
should  be  about  3  inches 
above  the  level  of  the 
waterback  (F.  B,  When 
the  water  is  shut  off  from 
the  house^  the  water  is 
likely  to  be  drawn  out  of 
the  boiler  by  the  opening 
of  a  faucet  in  the  cellar^ 
or  even  through  the  waste 
outlet  of  the  stop-cock  on 
the  service  pipe.  The 
pipes  -V,  A",  then  act  as  a 
siphon,  and  draw  out  the 
water  until  its  level  falls 
to  the  end  of  the  pipe  A",, 
If -V,  extend  to  the  line  cd, 
the  waterback  will  be 
drainedi  which  is  danger- 
ous. Unless  the  fire  is  Fio*i3 
drawn,  the  waterback  will  become  overheated,  and  when 
the  cold  water  is  turned  on  it  will  be  very  liable  to  crack 
or  explode*  All  danger  from  siphoning  can  be  avoided 
by  drilling  a  small  hole^  about  i  inch,  in  the  inner  tube  A'l, 
as  at  B.  The  hot-water  pipe  A  is  connected  at  the  extreme 
top  part  of  the  boiler*  The  direction  of  the  circulation 
is  shown  by  the  arrows.  Connections  are  made  to  the 
waterback  l\\  fL  by  two  pipes  K  and  Z*  The  pipe  >' 
should  be  connected  to  the  bottom  of  the  boiler,  and  should 
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be  inclined  upwards  toward  the  waterback.  The  pipe  Z 
receives  the  hot  water  from  the  waterback,  and  should  be 
inclined  upwards  toward  the  boiler.  This  pipe  is  usually 
connected  to  a  side  tapping  located  near  the  middle  of  the 
boiler,  as  shown,  and  should  be  at  least  \  inch  in  nominal 
diameter  for  a  40-gallon,  or  1  inch  for  a  60-gallon,  boiler. 
A  blow-off  cock,  to  remove  mud  and  sediment,  should  be 
provided,  as  at  E,  This  may  empty  into  a  sink,  or  may 
be  connected  to  the  waste  pipes  on  the  house  side  of  the 
trap  seal. 


29.  If  the  boiler  is  connected  to  the  waterback  in  the 
manner    just  described,   considerable    time   elapses    before 

the  water  in  the  boiler 
is  heated  sufficiently  to 
allow  hot  water  to  be 
drawn  from  the  faucets. 
To  get  hot  water  with- 
out delay  after  starting 
a  fire  in  the  kitchen 
range,  the  connections 
are  frequently  made  as 
shown  in  Fig.  14.  The 
hot-water  pipe  Z  from 
the  waterback  is  con- 
nected directly  to  the 
hot-water  distributing 
pipe  A,  a  connection  to 
the  top  of  the  boiler 
^'^  ^^  being  made  at  the  junc- 

tion of  A  and  Z.  Then,  the  hot  water  from  the  waterback 
may  flow  directly  to  the  fixtures,  or  into  the  boiler  when  the 
fixtures  are  not  in  use. 

To  prevent  cooling  of  the  water  in  the  hot-water  supply 
pipe,  the  water  therein  should  circulate  constantly  between 
the  faucets  at  the  fixtures  and  the  boiler;  hot  water  can  then 
be  obtained  quickly  at  the  faucets.  To  obtain  the  needed 
circulation,   a  return  pipe  /?,  Fig.  14,  must  be  used.     This 
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pipe  is  joined,  by  branches,  to  the  hot^water  supply  pipe  near 

each  fixture,  and  should  be  one  or  two  sizes  smaller  than  the 

supply  pipe.     The  return  pipe  should,  if  possible,  enter  the 

boiler  at  the  side  and  a  little  above  the  top  of  the  waterback; 

it  is  not  always  satisfactory  if  it  is  connected  to  the  extension 

of  the  pipe  K  as  shown  in  dotted  lines.     If  the  return  pipe 

is  connected  to  }%  cold  water  from  the  bottom  of  the  boiler 

is   liable   to  flow  up 

the  return  pipe  on  the 

opening  of   a  faucet  ^- 

and  mix  with  the  hot 

water     before    it 

reaches    the    faucet, 

thus     cooling     the 

supply. 


WB. 


xm^ 


30.  Top-and- 
Blde  ConnectloiL  la 
Vertical  BoUers. 
Probably  the  best 
way  to  connect  a 
range  to  an  tipright 
boiler  is  shown  io 
Fig.  15.  The  flow 
pipe  from  the  water- 
back  IV,  B,  connects  [ 
to  the  side  of  the  I 
boiler  as  well  as  to 
the  top*  The  advan- 
tage of  this  connec- 
tion is  that  the  hot  ^''^-'s 
water  from  the  waterback  will  flow  immediately  to  the  top  of 
the  boiler  when  there  is  water  in  the  main  hot- water  distribu- 
ting pipe  a.  When  the  stop-and-waste  cock  in  ihe  cellar  on  the 
cold-water  supply  pipe  d  is  closed ^  and  the  water  drained 
out  of  a,  the  hot  water  from  the  waterback  will  flow  freely 
into  the  boiler  through  the  side  tapping;  that  is,  circulation 
between  the  range  and  the  boiler  is  not  impeded  by  shutting 
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off  the  water  supply  from  the  house.  If  the  side  connection 
is  not  made  in  addition  to  the  top  connection  shown  in 
Fi^.  14,  the  water  will  boil  in  the  waterback  and  produce 
steam,  accompanied  by  very  disag:reeable  sounds,  whenever 
the  cold-water  supply  is  shut  off  from  the  boiler  and  the  hot- 
water  supply  pipe  A,  Fig.  14,  is  drained  below  the  T  at  which 
the  flow  pipe  Z  joins. 

The  position  in  which  the  T  c.  Fig.  15,  Is  placed,  permits  a 
bent  boiler  coupling  to  be  connected  to  the  side  tapping  of 
the  boiler;  this  insures  a  circulation  of  water  through  the 
top  connection  while  the  pipe  a  is^  full  of  water. 

31.  Connections  to  Horizontal  Boilers. — In  places 
where  there  is  no  space  available  for  the  installation  of  a 
boiler  in  a  vertical  position,  it  may  be  placed  horizontally. 
The  connections  to  the  fixtures  and  waterback  may  be 
made  in  many  ways,  one  of  which  is  shown  in  Fig.  16.     In 


Fig.  16 

the  illustration,  A  represents  the  hot-water  supply  pipe; 
B,  the  return  pipe;  A",  the  cold-water  supply;  V  and  Z,  the 
connections  to  the  waterback  C  The  waterback  should  be 
at  a  lower  level  than  the  bottom  of  the  boiler.  The  arrows 
show  the  direction  of  the  circulation.  The  boiler  may  be 
supported  on  brackets  or  may  be  suspended  by  bands  from 
overhead  floorbeams.  Small  horizontal  boilers  are  usually 
suspended  immediately  over  the  kitchen  range.     The  use  of 
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the  return  pipe  B  insures  hot  water  at  the  fixtures  as  soon  as 
a  faucet  is  opened;  if  this  feature  is  considered  unnecessary, 
the  return  pipe  and  its  fixture  branches  are  omitted, 

32 »  Connections  to  Double  Boilers,— When  the 
water  to  be  heated  is  supplied  from  two  sources,  double 
boilers  are  employed;  usually  one  part  of  these  boilers 
receives  water  from  the 
street  main,  while  the 
other  is  supplied  from 
a  tauk*  The  two  boil- 
ers are  combined  in  one 
stnicture»  as  shown  in 
Fig.  17.  The  boiler  B 
that  is  fed  from  the  tank 
and  sustains  the  higher 
pressure  is  placed  inside 
the  low-pressure  boiler 
A,  The  inner  boiler  is 
heated  by  the  water  in 
the  outer  one;  both  are 
thus  heated  by  one 
waterback  or  heater. 

If  the  inner  boiler 
should  be  emptied  while 
the  outer  one  is  full,  it 
might  collapse  in  con- 
sequence of  the  external 
pressure^  therefore, 
care  must  be  taken  to 
empty  the  outer  boiler 
first  at  all  times,  or, 
better  yet^  to  arrange  the  blow-offs  so  that  both  boilers 
will  be  emptied  at  the  same  time.  The  inner  boiler 
should  always  be  filled  first.  The  connections  to  each 
boiler  are  made  in  the  same  manner  as  for  an  ordinary 
vertical  boiler,  the  flow  pipe  €  entering  the  side,  and  the 
return  pipe  D  the  bottom,  of  the  outer  boiler.     The  hot* water 
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supply  pipe  E  of  the  street-pressure  system  supplies  the 
lower  stories  of  the  building;  the  upper  stories  have  a 
tank-pressure  system  and  are  supplied  with  hot  water  through 
the  pipe  F,  The  cold-water  supply  pipe  H  is  connected  to 
the  street  main,  and  the  cold-water  supply  pipe  G  to  the 
house  tank.  A  blow-off,  or  sediment,  cock  L  is  used  for 
emptying  the  inner  boiler,  and  a  similar  cock  M  for  the  outer 
boiler.  It  should  be  noted  that,  with  the  cocks  placed  as 
shown,  the  inner  boiler  cannot  be  emptied  without  opening 
both  L  and  M,  and  thus  emptying  both  at  the  same  time;  this 
prevents  the  possibility  of  an  excess  of  pressure  in  the  outer 
boiler  at  the  time  of  emptying,  which  excess  would  tend  to 
collapse  the  inner  one.  The  inner  boiler  should  be  of  copper, 
and  should  be  thoroughly  tinned  both  inside  and  outside. 

33.  The  conditions  under  which  double  boilers  may  be 
installed  are  present  in  buildings  situated  where  the  pressure 
in  the  street  mains  is  insufficient  to  force  water  to  the  upper 
floors,  and  the  hot  water  supplied  to  the  whole  building  is 
heated  by  the  kitchen  range.  In  that  case,  the  lower  floors 
are  supplied  with  water  by  street  pressure,  and  the  upper 
floors  from  a  tank  at  the  top  of  the  building,  to  which  the 
water  is  pumped.  If  a  double  boiler  is  installed  under  these 
conditions,  only  the  hot  and  cold  water  required  for  the  upper 
floors  requires  to  be  pumped;  should  a  single  boiler  be 
installed,  however,  the  cold  water  for  the  upper  floors  and 
all  the  water  to  be  heated  would  have  to  be  pumped.  It  is 
thus  seen  that  by  installing  a  double  boiler  the  amount  of 
water  to  be  pumped,  and  hence  the  power  required  for  pump- 
ing, is  greatly  reduced. 

34.  Connections  to  Gas  Heater,  Kltclien  Rani^e, 
and  Furnace. — A  kitchen  boiler  is  sometimes  connected  to 
thewaterback  of  a  kitchen  range,  to  a  gas  water  heater,  and 
to  a  coil  or  water  ring  in  a  house-heating  furnace  in  the  cellar. 
Then,  in  summer,  when  the  kitchen  range  is  not  in  use, 
the  water  can  be  heated  by  the  gas  heater;  at  other  times, 
the  kitchen  range  can  be  used  for  heating  the  water;  and 
in    winter,   the   coal    furnace   will   also   heat   water.      This 


tf,  the  return  pipe, 
insuring  hot  water  to 
appear  promptly  at 
the  fixtures  when  a 
faucet  is  opened. 
The  heater  in  the 
furnace  is  connected 
by  the  flow  pipe  e  to 
the  side  of  the  boiler; 
the  flow  pipes  /  and  ^^ 
from  the  gas  heater 
and  kitchen  range 
connect  to  r  at  the 
lop  of  the  boiler,  as 
shown.  The  cold 
water  flows  to  the 
three  heaters  through 
the  pipes  /t,  i\  and  /. 
joined  to  the  pipe  k 
connected  to  the 
bottom  of  the  boiler. 
With  the  piping 
installed  in  the  man- 
ner shown,  any  one 
of  the  three  heaters 
can  be  used  independ- 
ently of  the  others,  any  two  heaters  may  be  in  service  at  the 
same  time,  or  all  three  heaters  may  be  employed  in  heating 
water.  The  sediment  cock  /  is  placed  at  the  lowest  point  of 
the  pipe  system,  where  it  will  drain  the  boiler,  the  heaters, 
and  the  pipe  connections  to  the  boiler. 
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35.  ConiieetloiiB  to  LfiuDclry  6tove  aod  Kltc^lien 
UaiiKt^. — ^Wheii  a  sei  of  laundry  tubs  is  supplied  with  hot 
w^ater  from  the  kitchen  boiler,  very  often  the  waterback  of 
the  kitchen  range  cannot  heat  the  water  quickly  enough  to 
supply  the  increased  demand  on  wash  days,  while  the 
building  nxay  be  well  supplied  with  hot  water  on  ordinary 
occasions.  Thetu  if  the  heating  surface  of  the  waterback  is 
increased  so  as  to  heat  the  water  quickly  enough  to  supply 

the  demand  when  the 

laundry  tubs  are  in 
usct  it  is  generally  too 
large  for  the  ordinary 
daily  usage.  To  over- 
come this  trouble, 
many  buildings  are 
furnished  with  a  sepa- 
rate water  heater,  and 
often  with  a  separate 
boiler*  to  supply  the 
laundry  with  hot  water. 
These  auxiliary  attach- 
ments may  be  con- 
nected w^ith  the  usual 
hot-water  heating  and 
distributing  portion 
of  the  plumbing  sys- 
tem»  but  if  they  are 
intended  to  be  oper- 
ated independently  of  the  kitchen  boiler,  they  may  be  fitted 
up  and  connected  directly  to  the  laundry  distributing  pipes, 
which  then  have  no  connection  with  the  boiler  in  the  kitchen. 
In  Pig.  19  is  shown  a  simple  method  of  connecting  a 
laundry  stove  and  kitchen  range  to  one  boiler*  One  water* 
back  is  located  in  the  kitchen  range  «,  and  another,  or  a  pipe 
colli  is  located  in  the  laundry  stove  b.  In  this  arrangement 
it  is  assumed  that  the  boiler  r  is  large  enough  to  hold  the 
quantity  of  hot  water  required  during  wash  days,  and  that 
the  waterback  in  a  is  not  able  to  heat  enough  water.     The 
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waterback,  or  coil,  in  6,  consequently,  is  only  intended  to 
assist  that  in  a  ditring  limes  of  exceptional  demand  for  hot 
water.  The  waterback  in  ^  is  connected  to  the  side  and 
bottom  of  the  boiler  in  the  usual  manner,  as  shown.  The 
flow  pipe  d  of  the  laundry-stove  water  heater  connects  at  the 
top  of  the  boiler  to  the  hot-water  supply  pipe* 

3tt,  Since  the  rapidity  of  circulation  between  the  range 
and  the  boiler  depends  chiefly  on  the  vertical  height  of  the 
flow  pipe,  it  may  seem  more  proper  to  connect  e/^  Fig,  19,  to 
the  side  tapping  of  the  boiler  and  to  connect  the  flow  pipe 
between  a  and  c  to  the  top  of  the  boiler,  so  as  to  increase 
the  circnlation  between  the  kitchen  range  and  the  boiler 
without  injuring  the  circulation  between  d  and  c.  Such  a 
method  of  connection  would  furnish  more  hot  water  in 
a  given  time,  and  in  this  respect  it  would  be  better  than  the 
method  shown  in  the  drawing.  It  has  the  peculiar  dis- 
advantage, however,  which  is  more  pronounced  than  any 
advantage  gained,  that  if  the  water  is  shut  off  at  the  stop- 
and- waste  cock  t\  water  may  be  siphoned  from  the  boiler 
until  the  boiler  water-line  reaches  the  small  vent  hole  in  the 
boiler  tube.  Circulation  between  the  range  and  boiler  will 
then  be  cut  off,  because  the  water  in  the  flow  pipe  that  joins 
the  hot-water  distributing  pipe  at  the  top  of  the  boiler  in  the 
assumed  method  of  connection  will  not  be  able  to  rise  high 
enough  to  enter  the  boiler*  Steam  will  then  be  generated  in 
the  waterback  and  disagreeable  hammering  and  snapping 
noises  will  be  created. 

37<     It  is  bad  practice ♦  when  connecting  two  or  more 

waterbacks  to  one  boiler,  to  place  stop-cocks  or  stop-valves 
in  the  circulation  pipes  for  the  purpose  of  allowing  each 
waterback  to  be  cut  out  of  service  for  repairs  without  affect- 
ing the  other.  While  this  object  is  accomplished  thereby, 
the  danger  of  a  waterback  explosion  is  introduced,  which  may 
happen  if  the  stop-cocks  of  one  circuit  are  closed  by  accident 
I  or  through  ignorance  while  the  corresponding  waterback  is 

I  subjected  to  heat  and  contains  water.     On  general  principles, 

I  stop-cocks  must  not  be  placed  between  ranges  and  boilers* 
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38.     Connection  of  Tw^o  Boilers  to  One  Waterbaek. 

Fig.  20  shows  how  two  or  more  boilers  may  be  connected  to 
one  waterbaek  when  a  separate  hot-water  distributing  line 
is  taken  from  the  top  of  each  boiler.  The  waterbaek  tapping 
shotild  be  1  inch.  The  flow  branch  to  the  nearest  boiler  is 
made  by  a  V^  X  f"  X  i''  reducing!,  so  that  the  1-inch  current 
will  be  split,  and  thus  caused  to  flow  into  both  boilers.  The 
return  pipe  is  increased  at  the  nearest  boiler  with  a  similar 
fitting.  The  flow  pipe  from  the  top  tapping  of  the  water- 
back  must  pitch  up- 
wards toward  both 
boilers,  since  other- 
wise the  water  will 
not  circulate.  To 
equalize  the  tempera- 
ture of  the  two  boil- 
ers they  may  be 
connected  with  two 
equalizing  pipes,  one 
connecting  the  top  of 
one  boiler  to  the  top 
of  the  other  boiler, 
and  the  other  pipe 
connecting  the  bot- 
tom of  one  boiler  to 
the  bottom  of  the 
other  boiler.  Generally  speaking,  it  is  better  to  use  a 
single  boiler  of  the  required  storage  capacity  rather  than 
two  small  ones. 
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39.     Connection  of  One  Boiler  to  Several  Rani^es. 

Fig.  21  shows  how  four  waterbacks  JV,  B,,  IV,  B.  may  be  con- 
nected to  a  boiler  so  that  a  positive  and  efficient  circulation 
can  be  secured  between  each  waterbaek  and  the  boiler.  The 
arrows  show  the  direction  of  the  currents.  The  pipes  are 
reduced  in  size  as  they  extend  from  the  boiler,  which  will 
prevent  the  waterbacks  farthest  from  the  boiler  from  being 
**short-circuited"  by  those  nearest  the  boiler;  that  is  to  say. 
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the  circulation  will  take  the  shortest  course  between  boiler 
and  water  back  if  the  piping  is  all  one  size,  but  if  it  is  pro- 
portioned as  shown,  a  ^ood  circulation  will  take  place  in 
each  waterback. 

In  case  the  side  tapping  of  the  boiler  is  too  low,  or  in 
case  the  rangfes  are  set  too  far  apart  and  the  proper  head 
for  circulation  cannot  be  obtained,  the  hot-water  flow  pipes 
may  be  connected  to  the  top  of  the  boiler,  as  shown  by  the 
dotted  lines;  or,  the  boiler  may  be  raised  so  that  a  satisfac- 
tory head  may  be  secured  for  a  circulation  to  a  side  opening. 

40,  Connections  for  Boiler  In  Cellar. — Fig.  22  shows 
part   of  a  building    in    which    the    hot- water   boiler    a    is 
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located  in  the  basement,  and  heated  from  the  waterback  in 
a  range  on  the  floor  above.  If  the  boiler  and  the  range  are 
connected  by  two  pipes  dropping  directly  from  the  range  to 
the  boiler,  circulation  will  not  take  place  between  these 
points,  because  the  hat  water  will  remain  in  the  waterback 
and  the  cold  water  in  the  boiler.  There  will  be  no  force 
present  to  raise  the  cold  water  to  the  waterback,  and  so  dis- 
place the  hot  water  and  cause  it  to  flow  down  to  the  boiler, 
The  water  will  simply  remain  in  the  waterback  until  part  of 
it  is  converted  into  steam,  when,  by  the  enormous  expan* 
sion  of  the  water  so  changed  to  the  gaseous  state,  the 
I  greater  part  of  the  hot  water  will  be  forced  down  in  the 

I  pipes  that  connect  the  waterback  to  the  boiler,  and  the  water- 

h  back  then  being  full  of  steam,  instead  of  water,  will  soon 
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far  as  the  circum- 
stances will  alluw, 
then  returned  and 
dropped  downwards 
to  the  boiler i  as 
shown  by  e.  The 
vertical  height  of  the 
oop  should  be  at 
least  twice  the  verti- 
cal distance  between 
the  waterback  and 
the  bottom  of  the 
boiler  in  order  to 
insure  good  circula- 
tion. 

When  a  system  of 
piping  similar  to 
that  shown  in  Fig.  22 
employed,  partic- 
ular care  must  be 
taken  to  arrange  the 
piping  in  such  a  man- 
ner that  the  water- 
baclc  cannot  be 
accidentally  drained 
by  shutting  off  the  water  and  draining  the  branches  for 
repairs.  It  should  be  so  arranged  that  the  hot  water  may 
be  shut  off  from  the  fix tu res  without  interfering  with  the 
range  circulation*  This  can  be  easily  accomplished  by 
placing  stop'cocks  where  shown  in  the  figure* 

In    Fig.   22   the   cold-water  supply   is   shown   as   derived 
from  a  tank;   the  arrangement  of  the  connections  between 


HOT-WATER  SUPPLY 


36 


^' 


r 


'||iifni[iirn]niin!fiiii[[?li 


1  ^-  '"-j  ■'  ^iir^  M  y^y^^y^^ 


the  boiler  and  waterback  will  be  the  same^  however,  if  the 
cold-water  supply  is  taken  from  a  street  main,  except  that 
the  loop  will  rise  only  to  the  highest  fixture  to  be  supplied 
with  hot  water*  the  branch  to  the  fixture  being  taken  from 
the  highest  point  of  the  loop  to  draw  off  continuously  any 
air  that  may  accumulate  there* 

41*     Connections    to    Hot- Water    Tank     In    Attic, 

Occasionally,  the  o%vner  of  a  building  objects  to  the  presence 
of  a  boiler  in  the 
kitchen,  and  de- 
mands that  it  be 
located  in  the  attic. 
In  that  case»  the  con- 
nections between  the 
hot-water  tank  and 
waterback  may  be 
made  as  in  Fig.  23» 
which  shows  a  case 
where  the  cold-water 
supply  is  obtained 
from  a  tank  at  the 
top  of  the  building. 
The  hot- water  tank  a 
is  located  on  the  top 
floor  below  the  house 
tank  d,  which  is 
joined  to  a  by  a  cold- 
water  feedpipe  c. 
The  waterback  in  the 
kitchen  range  d  is 
joined  to  a  by  the 
flow  pipe  /  and  return 
pipe  e.  When  the 
cold-water  supply  is 
obtained  from  a  house  tank,  as  in  the  case  illustrated »  an  over- 
flow pipe  ^should  be  attached  to  a  and  deliver  openly  into  ^j 
this  pipe  permits  the  water  to  expand  freely  when  heated. 
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42.  Connections  to  Radiators  Heated  From  Kitchen 
Boiler. — If  a  waterback  is  larg:e  enoug:h,  and  if  the  kitchen 
range  is  fired  sufficiently  during  extremely  cold  weather  to 
give  the  proper  amount  of  heat  in  the  rooms,  it  is  quite 
practicable  to  connect  radiators  to  a  kitchen  boiler.     Fig.  24 

shows  the  way  the 
connections  may  be 
made  so  that  the 
circulation  to  the 
radiators  /?,  R  will  be 
independent  of  the 
water-supply  system, 
and  will  not  affect 
the  distribution  of 
hot  water  through 
the  building,  whether 
the  radiators  are  in 
operation  or  not. 
The  arrangement 
shown  favors  the  dis- 
tribution of  hot  water 
to  the  plumbing 
fixtures  rather  than 
circulation  to  the  radiators  in  the  room,  it  being  assumed 
that  the  heating  of  the  rooms  over  the  kitchen  is  a  matter 
of  less  importance  than  the  supply  of  hot  water  for  domestic 
purposes.  The  circulation  to  the  right-hand  radiator  can  be 
increased  by  dropping  the  return  pipe  into  the  kitchen  before 
connecting  it  to  the  other  return  pipe. 


Fig.  24 


DETAILS    OF    HOT-WATER    BOILER    INSTALLATION 

43.  Kxpanslon  Pipes. — An  expansion  pipe  is  a  pipe, 
open  at  the  top,  that  extends  from  a  kitchen  boiler  to  a  cold- 
water  supply  tank  at  a  higher  elevation  and  empties  into  the 
tank.  The  pressure  within  the  boiler  is  determined  by  the 
height  of  the  surface  of  the  water  in  the  tank  above  it,  and 
the  boiling  point  of  the  water  will  correspond  to  that  pres- 
sure-    The  expansion   pipe   serves  the  double  purpose  of 
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acting  as  a  safety  device »  preventing  the  accnmulation  ot 
steam  pressure »  and  permitting  expansion  of  the  heated 
water.  Since  the  water  in  the  hot-water  pipes  and  expansion 
pipe  is  warmer  than  that  in  the  supply  pipe  from  the  tank  to 
the  boiler,  the  level  of  the  water  in  the  expansion  pipe  will 
be  higher  than  the  surface  of  the  water  in  the  tank.  Advan- 
tage may  be  taken  of  this  circumstance  to  keep  the  temper- 
ature of  the  water  in  the  boiler  below  its  boiling  point.  For 
example^  the  water  when  heated  to  the  desired  temperature 
will  stand  several  inches  higher  in  the  expansion  pipe  than 
in  the  tank.  The  end  of  the  expansion  pipe  is  then  carefully 
cut  down  to  that  level,  so  that  if  any  increase  in  temperature 
occursi  the  coniiequent  expansion  will  cause  the  water  to 
overflow.  The  weight  of  the  column  of  hot  water  will  then 
no  longer  balance  the  cold  supply  column,  and  cold  water 
will  come  down  into  the  boiler  and  displace  the  hot  water, 
driving  it  up  the  expansion  pipe  until  the  temperature  falls 
to  a  point  where  the  columns  will  balance*  Thus,  in  ftome 
buildings,  the  temperature  of  the  water  in  the  boiler  may  be 
kept  from  exceeding  a  desired  maximum,  regardless  of  the 
pressure;  and,  the  formation  of  steam  within  the  boiler  may 
be  prevented,  so  long  as  the  cold* water  supply  is  maintained 
constant.  Expansion  pipes  are  not  applied  to  hot-water 
systems  supplied  directly  from  the  street  mains;  the  water  in 
such  systems  is  allowed  to  expand  back  into  the  mains. 

44<  Boiler  Tiii»pttiK^. — ^Kitchen  boilers  kept  in  stock 
are  usually  tapped  with  two  l*inch  openings  in  the  lop  of 
the  boiler,  one  1-inch  opening  in  the  bottom  of  the  boiler, 
and  one  l-inch  opening  in  the  side  about  one-third  to  one- 
half  of  the  distance  from  the  bottom  to  the  top  of  the  boiler. 
Special  tappings  can  be  had  to  order  in  any  part  of  the 
boiler,  or  handholes  can  be  provided  on  special  order. 
When  ordering  special  tappings  in  a  boiler,  to  avoid  mis- 
takes the  order  should  be  accompanied  by  a  sketch  showing 
the  location  and  sizes  of  the  various  openings, 

45*  Boiler  Coverlngrs. — Boilers  may  be  covered  with 
wooden  lagging,  composed  of  strips  of  pine  or  hardwood, 
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li  inches  to  2  inches  wide,  }  inch  or  more  in  thickness, 
tongiied  and  gfrooved,  and  confined  by  brass  or  galvanized- 
iron  bands.  This  will  prevent  the  large  waste  o(  heat  that 
occurs  from  radiation,  and  which  goes  far  to  make  the 
kitchen  uncomfortably  warm. 

Copper    boilers   may   be    nickel   plated.      This    not    only 
reduces  the  amount  of  heat  lost  by  radiation,  but  prevents 

the  boiler  from  becom- 
ing stained  green  with 
verdigris.  When  boil- 
ers are  located  in  cellars 
or  other  places  where 
the  prevention  of  heal 
radiation  is  of  more 
importance  than  the  ap- 
pearance of  the  boiler, 
they  may  be  covered 
with  a  coating  of  asbes- 
tos cement,  or  a  layer 
of  hair  felt  can  be  put 
over  the  boiler  and  then 
covered  with  a  canvas 
jacket  neatly  sewed  on. 
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46,     Slphouai^e  of 
Kl  telle  tt    Boilers, 

The  manner  in  which  a 
boiler  and  a  waterback 
may  be  emptied  by 
siphonage  will  be  ex- 
plained  with  the  aid  of 
Fig.  25.  The  pipe^  sup- 
plies cold  water  from 
the  street  main  to  the 
kitchen  boiler  as  shown » 
and  a  branch,  with  a  fau- 
cet ^  on  it.  supplies  cold  water  to  the  basement  sink.  The 
cold  water  enters  the  boiler  at  a  point  below  the  level  of 
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the  waterback  in  the  range,  by  means  of  an  inner  tube  c. 
The  pipe  d  furnishes  hot  water  to  fixtures  at  another  part 
of  the  building.  If  the  pipe  and  the  boiler  are  full  of 
water,  and  the  cock  e  is  closed  while  d  is  opened,  the 
pipe  a&  will  form  the  long  leg  of  a  siphon  and  c  will  be 
the  shorter  leg;  there  will  then  be  a  tendency  to  siphon 
water  from  the  boiler  into  the  sink,  through  a  and  ^,  if 
the  pressure  of  the  atmosphere  is  permitted  to  bear  on 
the  water  in  the  boiler.  This  it  will  do  if  any  hot-water 
faucet  at  the  fixtures  above  is  opened*  The  air  pressure 
will  then  extend  through  ti  into  the  boiler  and  force  the 
boiler  water  up  the  inner  tube  c  into  «,  whence  it  will  flow, 
by  gravity,  into  the  sink  below.  If  the  tube  r  is  air-tight^ 
siphonic  action  will  continue,  tinder  these  ctrcum stances, 
until  the  water  in  the  boiler  falls  to  the  bottom  of  the  inner 
tube,  when  air  will  enter  c,  and  so  break  the  siphon.  Since 
the  bottom  end  of  e  is  lower  than  the  waterback,  which  is 
connected  to  the  boiler  by  the  flow  pipe  /  and  return  pipe  ^^ 
the  waterback  becomes  emptied  by  siphonage. 

Suppose  that  the  cock  e  is  of  the  stop-and-waste  pattern. 
Then,  if  ^  is  closed,  the  waste  hole  will  be  opened  at  the 
same  time,  and  if  a  faucet  on  the  hot- water  supply  pipe  is 
opened,  the  boiler  will  be  siphoned  through  the  waste  until 
air  can  enter  c.  To  prevent  the  water  from  becoming  dan- 
gerously low  in  the  boiler,  a  small  hole  should  always  be 
drilled  through  e  near  the  top  of  the  boiler;  the  siphon  age 
will  then  stop  as  soon  as  the  water  level  in  the  boiler  has 
fallen  to  the  level  of  the  hole,  which  stops  the  siphonic  action 
by  admitting  air  to  the  short  leg  of  the  siphon. 
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47*  Bedlnietit  Chamber**, — Kitchen  boilers  of  the 
iuary  pattern  are  sometimes  provided  with  sediment 
chambers  intended  to  receive  foreign  matter  in  suspension 
in  the  water.  The  chamber  consists  of  a  pocket  a.  Fig.  26, 
connected  by  a  narrow  opening  ^  to  the  bottom  of  the  boiler. 
The  circulation  pipe  f  from  the  builer  to  the  waterback  is 
taken  from  a  tapping  in  the  side  of  the  pocket.     This  pre- 

ents  the  mud  or  sediment  from  accumulating  rapidly  in  the 
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pipe  connecting  the  pocket  to  the  waterback.  The  sediment 
settles  in  the  pocket,  from  which  it  should  be  removed 
occasionally  by  opening  the  blow-off  cock  to  wash  it  out. 

If  this  is  not  done, 
sediment  will  accu- 
mulate in  the  pocket 
and  ultimately  choke 
the  return  pipe  to  the 
waterback. 

48.  Reirulatln^: 
Temperature  of 
Water. — Hot- water 
tanks  that  are  heated 
by  steam  coils  can 
have  the  temperature 
of  the  water  regu- 
lated automatically 
so  as  to  maintain  at 
ev^n  temperature.  A 
form  of  regulator 
extensively  used,  shown  in  Fig.  27,  consists  of  two  rods 
made  of  metals  with  different  coefficients  of  expansion, 
enclosed  in  a  tube  a,  and  so  adjusted  that  when  the  temper- 
ature of  the  water  reaches  a  certain  degree  the  expansion 
of  the  metal  will  open  the  valve  b,  thus  permitting  the 
water  to  pass  from  the  tank  to  a  diaphragm  valve  r,  which 
closes  and  shuts  off  the  supply  of  steam  from  the  coil. 
When  the  water  in  the  tank  cools  sufficiently,  the  rods 
contract  and  shut  off  the  supply  of  water  from  the  diaphragm 
valve,  which  opens  again  to  admit  steam  to  the  coil. 

The  petcock  e  at  the  lower  end  of  the  drip  pipe  is  opened 
just  a  little  so  that  while  the  pressure  is  on  the  diaphragm  a 
small  stream  of  water  will  flow  into  the  funnel-mouthed 
branch  of  the  drain  pipe.  When  the  valve  in  the  regulator 
is  closed  so  that  the  boiler-water  pressure  does  not  come  on 
the  diaphragm  the  pressure  of  the  water  remaining  in  the 
drip  pipe  becomes  reduced  by  the  small  escape  opening  of 


Fig.  26 
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the  drip  cock  e,  A  spring:  between  the  diaphragfm  and  the 
valve  body  will  push  the  valve  open  when  the  tank  pressure 
is  ofiE  the  diaphrag:m. 


Fio.  27 


The  temperature  at  which  the  water  is  to  be  maintained 
can  be  regulated  by  the  adjuster  d,  which  increases  the 
temperature  of  the  water  when  its  pointer  is  turned  to  the 
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left  and  maintains  a  lower  temperature  when  the  pointer 
is  turned  to  the  right. 

The  proper  location  for  the  regulator,  when  applied  to  a 
tank  heated  by  a  steam  coil,  is  at  a  distance  of  a  few  inches 
above  the  coil.  If  the  boiler  is  heated  by  a  coal  fire,  the 
regulator  should  project  into  the  tank  at  a  height  of  a  few 
inches  above  the  bottom,  or  into  the  return  pipe,  the 
diaphragm  being  attached  to  the  damper  in  the  smoke  pipe 
and  the  draft  damper  to  the  ash-pit.  Or,  a  hot-water 
damper  regulator,  such  as  is  used  on  hot-water  heating 
boilers  for  house-warming  purposes,  may  be  used. 
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MATER1AL.8    USED    FOR    PIPES 

49.  Hot-water  connections  may  be  made  of  lead,  brass, 
copper,  or  galvanized  iron;  plain  iron  pipe  is  unsuitable. 
The  choice  will  depend  on  the  pressure  and  on  the  appear- 
ance desired;  also,  on  the  character  of  the  water,  and  its 
action  on  the  metal.  In  all  cases  where  the  water  corrodes 
the  metals  named,  pipes  should  be  used  that  have  an  interior 
coating  of  glass  or  porcelain,  or  are  lined  with  pure  block  tin. 

50.  Lead  pipe  is  very  smooth  on  the  inside,  and  of  all 
piping  offers  the  least  resistance  to  the  flow  of  water  owing 
to  the  absence  of  short-turn  fittings.  It  is  easily  bent  to  suit 
any  situation,  and  easy  curves  are  readily  made.  Lead  pipe 
is  not  suitable  to  withstand  high  pressures  because  of  its 
low  tensile  strength,  nor  to  withstand  high  temperatures  on 
account  of  its  low  fusing  point  and  tendency  to  sag  from  its 
own  weight  when  heated.  It  is  also  unsuitable  for  under- 
ground pipes,  because  some  soils  corrode  it  externally  and 
gradually  destroy  it. 
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Lead  varies  greatly  in  quality.  The  pure  lead  is  soft  and 
pliable*  and  will  not  tear  or  crack  as  quickly  as  a  harder  and 
more  impure  lead  while  being  worked  into  bends,  etc.  The 
hardness  varies  according  to  the  kind  and  quantity  of  other 
metals  mixed  with  it,  and  a  hard,  tenacious  lead  will  stand 
more  tensile  stress  than  a  soft  lead.  Therefore,  no  relia- 
ble estimate  can  be  formed  of  the  actual  strength  of  lead 
pipe.  It  will  bend  under  pressure  without  breaking »  and  is, 
therefore,  desirable  for  connections  to  fixtures  that  are  liable 
to  change  their  position^  in  consequence  of  the  settling  or 
rocking  of  the  building,  provided  that  the  water  pressure  is 
Bot  excessive* 

51*  Brass  and  copper  tubings  are  smooth  inside,  and  are 
made  in  several  thicknesses.  For  distributing  the  water 
supply  in  buildingSi  iron-pipe  size  brass  or  copper  tubing  is 
the  only  kind  that  should  be  used,  as  it  will  withstand  the 
highest  water  pressures  nomially  found  in  street  mains. 
The  peculiar  advantage  of  brass  and  copper  tubings  is  that 
pure  water  will  not  corrode  them  to  an  appreciable  extent, 
nor  will  they  be  distorted  by  hot  water  in  the  same  manner  as 
lead  pipe,  owing  to  their  superior  elasticity.  Copper  tubing, 
owing  to  the  high  ductility  of  the  material ,  is  better  than 
brass  tubing,  being  less  liable  to  split  in  service;  its  high 
price  prohibits  its  extensive  use,  however^  and  hence  it  is 
employed  only  in  the  very  best  of  work  where  first  cost  is  a 
minor  consideration. 

52.  Galvanized-iron  pipe  is  the  kind  of  pipe  most  gener- 
ally used  for  cold-water  and  hot-water  distribution^  and  will 
withstand  the  highest  water  pressures  found  in  practice  in 
street  water  mains*  It  endures  the  corrosive  action  of  moist 
earth  and  water  fairly  well,  but  not  as  well  as  brass  or  copper 
.pipe.  Galvanized-iron  pipe,  like  brass  and  copper  pipe,  must 
he  put  together  with  screw  joints.  The  short  bends  and 
sharp  angles,  incident  to  this  mode  of  connection,  cause 
much  friction  and  impede  the  flow  of  water. 
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SIZE    OF    HOT-WATER    PIPES 

53.  The  proper  diameter  of  pipes  that  are  to  supply  hot 
water  depends  on  several  considerations:  (1)  The  number 
and  size  of  faucets  that  are  likely  to  be  discharg:ing:  water 
at  the  same  time.  (2)  The  pressure  or  head  of  the  water. 
(3)  The  length  of  the  pipe.  If  the  pipe  is  crooked,  making 
numerous  bends  or  angles,  due  allowance  must  be  made  for 
the  resistance  arising  therefrom.  A  small  pipe  having  great 
length  is  likely  to  be  noisy,  if  the  pressure  is  great,  being 
subject  to  singing  noises  and  water  hammer.  The  defects 
may  be  avoided  by  using  a  larger  pipe,  thus  reducing  the 

TABIiB  IV 
SIZES    OF    HOT-WATER    MAINS 


Number  of 
Fixtures 

Number  of 
Fwtures 

Size  of  Main 

Low  Pressure 

High  Pressure 

Inches 

10 

15 

* 

15 

25 

I 

25 

50 

li 

50 

75 

.  li 

75 

125 

2 

150 

200 

2* 

200 

300 

3 

300 

500 

4 

velocity  of  the  moving  water.  It  is  well  to  have  the  dis- 
tributing mains  a  little  too  large  rather  than  too  small;  the 
annoyance  of  one  faucet  robbing  another,  that  is,  not 
delivering  a  full  stream  of  water  while  some  other  faucet 
is  open,  will  then  be  avoided. 

54.  The  diameters  of  hot-water  mains  may  be  based  on 
the  number  of  fixtures  supplied,  and  may  be  as  given  in 
Table  IV.  When  conditions  are  such  that  there  is  likelihood 
of  a  large  number  of  fixtures  being  in  use  at  the  same  time, 
the  size  of  pipe  given  in  the  table  may  be  increased  one  size. 
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If  the  pressure  in  the  street  main  is  less  than  30  pounds  per 
square  inch,  the  hot- water  distributing  system  may  be  ranked 
as  a  low-pressure  system,  and  if  the  water  pressure  is  higher, 
as  a  high-pressure  system. 

Horizontal  pipes  may  be  reduced  in  diameter  as  various 
branches  are  taken  off.  This  is  done  only  to  economize  in 
the  cost  of  pipe. 

55.  In  office  buildings,  dwelling  houses,  apartment 
houses,  etc.,  the  branches  leading  from  the  hot-water  mains 
to  the  various  fixtures  are  generally  short,  and  may  then 
have  the  sizes  given  in  Table  V.  If  the  branch  pipes  are  very 
long,  it  is  well  to  make  each  one  size  larger  than  is  given  in 
the  table. 

TABLE     V 
SIZE    OF    HOT-WATER    liRANCHES    TO    FIXTURES 


Supply  Branch  to 


Bath  cock  .    .    . 
Basin  cock     .    . 
Sitz  or  foot-bath 
Kitchen  sink 
Pantry  sink    .    . 
Slop  sink       .    . 


Size  of  Branch 

in  Inches 
Low  Pressure 


Size  of  Branch 

in  Inches 
High  Pressure 


i  to  I 

ito* 

i 

Itoi 

itof 

i 

itof 

itoi 

i 

Ito^ 

Uoi 

•         itoi 
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DETAILS 

66.     Circulation  to  Fixtures  Below  Lievel  of  Boiler. 

It  is  a  difficult  matter  to  pipe  a  building  so  that  hot  water 
can  be  drawn  instantly  at  fixtures  located  at  a  lower  level 
than  that  of  the  boiler.  To  get  results  fairly  satisfactory  in 
this  respect  it  is  necessary  to  form  a  loop  by  running  the  hot- 
water  pipe  as  high  as  possible  before  descending  to  supply 
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the  lowest  fixtures.  A  good  example  is  shown  in  Fig.  28, 
where  laundry  tubs  are  located  in  the  basement  of  a  house 
supplied  with  water,  from  a  tank  in  the  attic.  The  hot-water 
distributing  pipe  forms  a  loop,  the  flow  pipe  of  which  con- 
nects to  the  top  of  the  boiler.  A  i-inch  relief,  or  expansion, 
pipe  is  located  at  a,  which  must  be  the  highest  point  of  the 
loop.  This  allows  air  to  escape  from  the  loop,  which  would 
otherwise  become  air-locked.  A  stop-cock  is  placed  at  the 
base  of  the  relief  pipe,   as  shown,  which  may  be  checked 

down  to  a  very  small 
^Af/c  ^W  y.^^^  opening  if  it  is  neces- 

sary to  prevent  air 
from  being  sucked  in 
through  the  relief  pipe 
while  hot  water  is 
being  drawn  through 
the  fixtures.  A  check- 
valve  fitted  with  a  very 
light  swinging  valve  is 
attached  to  the  return 
pipe  of  the  loop  to  pre- 
vent cold  water  in  the 
bottom  of  the  boiler 
from  being  drawn  at 
the  hot-water  faucets 
of  the  tubs.  Care  must 
be  taken  not  to  use  a 
heavy  check-valve  here,  for  the  force  of  the  circulation  is  not 
great  enough  to  lift  a  heavy  check. 

When  tlie  house  is  supplied  with  water  under  pressure 
from  the  street  main,  no  relief  pipe  is  fitted  to  the  highest 
part  of  the  looj),  because  the  pressure  is  sufficient  to  dis- 
lodge any  air  that  may  be  entrapped  in  the  loop. 


wr 


Fio.  28 


57,  (^I'oiipln^  of  Stop-Cocks. — In  hot-  or  cold-water 
distribution,  it  is  a  very  good  practice  to  control  the  various 
distriluiting  branches  froin  the  same  point,  such  as  above  the 
boiler  or  at  the  back  of  the  kitchen  sink.     The  waste  tubes 
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of  the  stop-and- waste  cocks  can  then  be  joined  to  one  waste 
pipe  that  discharges  into  the  kitchen  sink  or  other  convenient 
place  of  disposal. 

The  advantages  gained  by  supplying  each  line  with  a  stop- 
cock are  threefold.  First,  if  a  leak  develops  in  any  line  of 
pipe»  water  will  not  have  to  be  shut  off  from  the  entire  water- 
supply  system,  but  only  from  the  line  of  pipe  in  which  the 
leak  occurs.  Second,  by  closingf  a  stop-and- waste  cock  and 
opening  all  the  hot- water  faucets  at  the  fixtures  supplied  by 
that  line  of  pipe,  the  water  will  all  drain  out  of  the  pipe  into 
the  kitchen  sink.  The  advantage  of  grouping  the  stop-cocks 
together  is  that  in  case  of  a  leak  the  right  one  to  shut  off 
can  be  located  without  loss  of  time,  while  if  the  stop-cocks 
are  scattered  throughout  the  building  much  damage  might 
be  done  to  the  walls  and  furniture  before  the  right  stop-cock 
could  be  found. 


58-  Covering  Hot-Wnter  Pipes. — It  is  advisable 
always  to  cover  hot-water  supply  and  circulation  pipes  with 
some  good  non-conducting  pipe  covering  to  prevent  loss  of 
heat  by  radiation,  and  also  to  prevent  them  from  warming 
the  water  in  cold-water  pipes  that  may  be  placed  near 
them.     Any  steam-pipe  covering    is  suitable  for  covering 

^^  hot- water  pipes,  because  sweat   does  not  gather  on  them. 

^B  Cork,  or  wool  felt  lined  with  asphalt  paper  are  better  adapted 

^H  {or  cold-water  and  ice-water  pipes. 

^^k  nfid-  Kxpfinslon  of  Hot- Water  Pipes* — ^When  running 
^^^Mt-water  supply  pipes,  provision  should  always  be  made  for 
I  the  expansion  and  contraction  due  to  the  variation  of  the 
'  temperature  of  the  water.  If  this  provision  is  not  made, 
the  joints  are  liable  to  become  leaky  by  the  enormous  stresses 
to  which  the  Hoes  of  piping  will  sometimes  be  subjected. 
Hot- water  pipes  should  never  be  embedded  in  concrete;  if 
they  should  be,  the  expansion  will  either  crack  the  concrete 
or  burst  the  pipes.  When  it  is  necessary  to  pass  pipes  through 
concrete,  a  little  tunnel  or  duct  should  be  formed  to  receive 
the  pipe,  which  can  then  freely  expand  or  coatracL 
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INSTALLATION 

60.  Street-Pressure  Water-Supply  System. — Fig.  29 
gives  a  sectional  view  of  a. building,  showing  fixtures  and  a 
system  of  piping  for  the  supply  and  distribution  of  hot  and 
cold  water,  the  supply  being  taken  from  the  city  mains.  The 
minimum  pressure  in  the  mains  must  be  more  than  that 
required  to  just  raise  water  to  the  highest  fixtures.  With  this 
system  of  piping,  when  the  water  is  shut  off  the  street  mains 
the  entire  building  will  immediately  be  without  water,  the 
boiler,  of  course,  remaining  full,  if  unsiphoned.  The  street- 
service  pipe  tf,  which  joins  the  city  main  to  the  pipes  in  the 
building,  has  a  stop-and-waste  cock  b  attached  to  its  end  just 
inside  the  cellar.  A  water  meter  c,  fitted  with  an  air  chamber 
near  its  inlet,  indicates  the  quantity  of  water  used  in  the 
building.  The  pressure  in  the  street  mains  in  this  particular 
case  is  supposed  to  be  too  great  for  safety  or  comfort,  if 
applied  to  the  plumbing  in  the  building;  consequently,  a 
pressure-reducing  valve  d  is  placed  on  the  house  service  pipe 
just  beyond  the  pipe  e,  which  supplies  a  hose  bib  in  the 
front  area  with  water  under  the  full  pressure  of  the  main. 
The  stop-and-waste  cock  shown  on  this  pipe  e  shuts  off  and 
drains  it  during  cold  weather. 

Suppose  that  the  average  main  pressure  is  95  pounds  by 
the  gauge,  and  that  this  pressure,  by  the  use  of  </,  is  reduced 
to  a  constant  pressure  of  46  pounds  in  the  cellar  of  the  build- 
ing; then  the  size  of  the  pipes  may  be  approximately  as 
marked  on  the  illustration.  The  hot  and  cold  distributing 
pipes  are  of  galvanized  iron  or  brass,  and  some  of  the 
branches  shown  are  of  lead.  They  may,  however,  be  all 
of  brass  or  all  of  galvanized  iron. 

Since  the  pressure-reducing  valve  is  similar  to  a  check-valve, 
in  that  it  prevents  water  to  expand  back  into  the  mains,  a 
safety  valve  /  is  placed  on  the  boiler,  and  a  pipe  g  leads  any 
water  discharged  from  /  into  the  kitchen  sink.  Lever-handle 
stop-and-waste  cocks  are  placed  on  the  most  important  parts 
of  the  system  to  facilitate  shutting  off  sections  for  repairs, 
etc.,  without  shutting  off  the  entire  building.     Each  closet 
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tank  is  arranged  to  be  shut  off  separate! y»  because  the  ball- 
cocks  or  the  tank  valves  in  them -generally  require  repairs 
more  frequently  than  other  parts  of  the  system.  The  boiler 
and  the  water  back  //  furnish  hot  water  fur  the  entire  building* 
It  will  be  observed,  by  consulting  this  illustration »  that  there 
is  no  circulation  of  hot  water  between  the  boiler  and  the 
fixtures ^  and  that  hence  a  considerable  quantity  of  cold  water 
must  be  drawn 'from  some  of  the  fixtures  before  the  hot  water 
flows*  Air  chambers  t\  /,  etc.  are  attached  to  the  piping  to 
prevent  water  hammer*  The  sediment  pipe  /  joins  the 
kitchen-sink    trap    on    the    house    side    of    the    seaL 

The  size  of  the  pipinj^  in  Fig*  29  is  exaggferated*  and  hence 
appears  out  of  proportion  with  the  fixtures.  This,  however, 
was  done  to  show  the  pipe  connections  more  clearly. 


61,     Tank-Pressure  Water-Supply  Bystem, — Fig*  30 

illustrates  the  same  building  and  fixtures  that  were  shown  in 
Fig.  29t  but  in  this  case  the  water  pressure  in  the  street  mains 
is  assumed  to  be  insufficient  to  force  the  water  to  the  upper 
floors  during  the  day  but  will  rise  through  the  rising  main  b 
and  fill  the  tank  during  the  night.  Hence  the  fixtures  are 
supplied  with  water  from  a  house  tank  a  on  the  top  fioor. 
In  case  the  night  supply  should  fail,  a  pump  may  be  connected 
either  to  b  or  to  the  service  pipe  c  and  the  tank  may  thus  be 
filled  by  mechanical  means. 

The  system  shown  is  w*ell  adapted  to  cases  where  the 
water  supply  is  intermittent,  such,  for  example*  as  occur  in 
towns  or  cities  where  the  water  pressure  at  best  is  low,  and 
where  factories,  mills,  and  other  works  lessen  the  pressure 
during  the  day  to  such  an  extent  that  the  water  cannot  run 
to  the  upper  floors  of  the  building.  In  the  system  of  piping 
shown,  if  the  water  should  rise  high  enough  at  night  to  flow 
into  the  tank,  it  may  do  so  if  the  ball-cock  k  is  open.  The 
tank  should  be  large  enough  to  hold  at  least  a  2-day  supply. 

Two  cold-water  distributing  lines  d.dj  supply  cold  water 
to  the  fixtures;  the  one  to  the  left  feeds  the  boiler*  Stop- 
cocks e  and  /,  placed  on  these  pipes  just  under  the  tank,  shut 
off  the  water  from  the  building.     Circulation  pipes  s>£^  run 
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from  the  upper  ends  of  the  hot-water  distributing:  pipes  /,  /, 
to  the  boiler  ;;/,  to  insure  a  supply  of  hot  water  at  the  upper 
fixtures  as  soon  as  the  faucets  are  opened. 

The  hot-water  pipes  are  shown  made  of  iron  or  brass,  and 
the  cold-water  pipes  of  lead,  except  those  from  the  main, 
which  are  of  iron.  The  pipe  h  furnishes  fresh  water  from  the 
main  for  cooking  and  drinking  purposes.  Relief  pipes  /,  ix 
taken  from  the  tops  of  the  hot-water  pipes  are  turned  over 
the  top  of  the  tank.  To  prevent  water  hammer  in  c  from 
affecting  the  ball-cock  in  the  tank  or  in  the  meter  «,  a  special 
air  chamber  is  attached  to  the  main  at/.  To  secure  a  good 
flow  of  water  throughout  the  building,  the  pipes  may  have 
the  sizes  given,  which  are  the  nominal  internal  diameters. 

Owing  to  the  loss  of  heat  by  radiation  from  the  circulation 
pipes  g,gx,  a  larger  waterback  or  smaller  boiler  should  be 
used  than  is  required  when  there  are  no  circulation  pipes. 

62.  Double-Boiler  Water-Supply  System. — Fig.  31 
shows  how  the  lower  floors  of  a  building  may  be  supplied 
with  water  from  the  city  mains,  while  the  upper  floors  are 
supplied  from  a  tank,  one  waterback  being  employed  to  heat 
the  water  for  the  entire  building. 

The  dotted  line  A  B  shows  the  height  to  which  the  street 
water  will  rise;  therefore,  the  fixtures  above  that  are  supplied 
from  the  tank  a.  Of  course,  those  below  A  B  may  also  be 
supplied  from  a,  but  to  economize  pumping,  the  piping  is  so 
arranged  that  they  can  be  supplied  direct  from  the  street. 

An  Ericsson  hot-air  pumping  engine  r  in  the  cellar  has  its 
suction  pipe  b  connected  to  the  main  c\  its  delivery  pipe  s 
leads  over  and  into  the  tank  a.  The  engine  is  supplied  with 
a  gas  burner,  and  when  the  tank  is  full  can  be  stopped  by 
the  arrangement  shown  at  the  wheel  valve  d  over  the  base- 
ment sink.  A  water-line  indicator  e  is  placed  over  the 
kitchen  sink,  so  that  the  servants  may  see  how  much  water 
is  in  the  tank.  This  sliding  indicator  is  attached  to  a  float 
in  the  tank  by  a  chain  or  wire,  working  over  two  pulleys. 
When  the  tank  is  empty,  the  float  falls  with  the  water  and 
raises  the  indicator  to  the  top  of  the  slide  board,  and  when 
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filled  again  the  indicator  falls  toward  the  bottom.  The  slide 
board  is  graduated  in  feet  and  inches,  and  if  the  indicator  is 
regulated  properly  it  will  indicate  very  accurately  the  depth 
of  water  in  the  tank.  The  illustration  also  shows  hot*water 
circulation  pipes  to  the  fixtures^  except  to  the  kitchen  sink 
and  laundry  tubs,  the  branches  to  which  are  short.  Circula- 
tion to  these  fixtures  may  be  obtained  by  dropping  the  return 
pipe  below  the  boiler  levels  and  connecting  the  branches  to 
the  returns.  If  such  connections  are  made,  however,  there 
svill  be  danger  of  relatively  cold  water  being  drawn  from  the 
bottom  of  the  boiler  along  with  hot  water  from  the  flow 
pipes,  unless  check-valves  are  used  on  the  returns  near  the 
boiler.  Some  plumbers  object  to  check- valves  on  returns, 
and»  consequently,  connect  these  fixtures  as  shown. 

The  check-valve  L  will  permit  water  to  flow  from  the  outer 
boiler  or  street  main  to  the  inner  boiler,  when  the  pressure 
in  the  inner  boiler  is  less  than  that  in  the  outer  one,  but  will 
prevent  any  water  in  the  inner  boiler  from  passing  out  again. 

A  lever-handle  stop-cock  g,  when  opened,  will  feed  the 
outer  boiler  and  all  the  fixtures  on  the  lower  floors  with  tank 
water.  Of  course,  when  this  cock  is  opened,  the  valve  on 
the  street  service  pipe  must  be  closed,  since  otherwise  the 
tank  water  would  flow  back  to  the  street  mains.  If  the  cock^ 
IS  used  much,  a  swinging  check  should  be  placed  on  the 
main  service  pipe  r. 

The  sediment  cock  for  the  inner  boiler  is  shown  at  A,  and 
for  the  outer  boiler  at  /. 

The  waterback  is  connected  to  the  outer  boiler  in  the 
ordinary  manner,  and  heats  water  for  the  entire  building. 
The  telltale  /  flows  into  the  pan  of  the  automatic  shut-off 
valve  (/,  so  that  when  the  tank  is  full,  the  telltale  will  fill  the 
pan  with  water,  the  weight  of  which  will  close  the  valve  and 
stop  the  engine. 

The  rising  main  supplies  cold  water  to  the  outer  boiler, 
kitchen  sink,  and  fixtures  on  the  first  and  second  floors 
above,  except  the  water  closet  on  the  second  floor,  which  is 
supplied  from  the  tank,  because  it  is  too  near  AB.  The 
hot-water   supply    to   the   third    and    fourth   floors »   or  the 
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fitled  again  the  indicator  falls  toward  the  bottom.  The  slide 
board  is  graduated  in  feet  and  inches,  and  If  the  indicator  is 
regulated  properly  it  will  indicate  very  accurately  the  depth 
of  water  in  the  tank.  The  illustration  also  shows  hot-w^ater 
circulation  pipes  to  the  fixtures,  except  to  the  kitchen  sink 
and  laundry  tubs,  the  brandies  to  which  are  short.  Circula- 
tion to  these  fixtures  may  be  obtaiued  by  dropping  the  return 
pipe  below  the  boiler  level,  and  connecting  the  branches  to 
the  returns.  If  such  connections  are  made,  however,  there 
will  be  danger  of  relatively  cold  ^vater  being  draw^n  from  the 
bottoni  of  the  boiler  along  with  hot  water  from  the  flow 
pipes,  tinless  check-valves  are  used  on  the  returns  near  the 
boi!en  Some  plumbers  object  to  check-valves  on  returns, 
and,  consequently,  connect  these  fixtures  as  shown. 

The  check- valve  L  will  permit  water  to  flow^  from  the  outer 
boiler  or  street  main  to  the  inner  boiler,  when  the  pressure 
in  the  inner  boiler  is  less  than  that  in  the  outer  one,  but  will 
prevent  any  water  in  the  inner  boiler  from  passing  out  again. 

A  lever-handle  stop-cock  g,  when  opened,  will  feed  the 
outer  boiler  and  all  the  fixtures  on  the  lower  floors  with  tank 
water.  Of  course,  when  this  cock  is  opened,  the  valve  on 
the  street  service  pipe  must  be  closed,  since  otherwise  the 
tank  water  would  flow  back  to  the  street  mains.  If  the  cock^ 
is  used  much,  a  swinging  check  should  be  placed  on  the 
main  service  pipe  r. 

The  sediment  cock  for  the  inner  boiler  is  shown  at  h^  and 
for  the  outer  boiler  at  /. 

The  waterback  is  connected  to  the  outer  boiler  in  the 
ordinary  manner,  and  heats  water  for  the  entire  building. 
The  telltale  /  flows  Into  the  pan  of  the  automatic  shut*oflF 
valve  d^  so  that  when  the  tank  is  full,  the  telltale  will  fill  the 
pan  with  water,  the  weight  of  which  will  close  the  valve  and 
stop  the  engine. 

The  rising  main  supplies  cold  water  to  the  outer  boiler, 
kitchen  sink,  and  fixtures  on  the  first  and  second  floors 
above,  except  the  water  closet  on  the  second  floor,  which  is 
supplied  from  the  tank,  because  it  is  too  near  AB,  The 
hot-water  supply   to   the   third   and    fourth  floors*   or  the 
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tank-pressure  hot  water,  flows  through/  to  the  top  floor, 
where  an  expansion  pipe  is  taken  ofiE  its  highest  point  and 
led  over  the  tank.  This  pipe  continues  and  drops  to  supply 
the  wash  basin  to  the  right  on  the  third  floor.  It  is  then 
continued  back  to  the  boiler  by  the  return  pipe  m.  The  hot- 
water  supply  to  the  basement  and  first  and  second  floors 
flows  through  n  and  tix,  the  end  of  n  being  run  up  to  and 
over  the  tank  to  serve  as  an  expansion  pipe  and  air  vent. 
The  pipes  p,  px  permit  circulation  of  the  street-pressure  hot- 
water  supply.  If  desired,  a  small  pipe  may  be  run  from  the 
hot-water  supply  branch  g  up  to  and  over  the  top  of  the  tank 
to  carry  oflE  any  air  that  may  accumulate  in  q  and  stop 
circulation.  The  pipe  /  acts  only  as  a  relief  pipe,  and  may 
or  may  not  be  used. 

In  this  illustration  it  is  assumed  that  the  street  water  will 
not  at  any  time  have  sufficient  pressure  to  rise  into  the 
tank;  otherwise,  the  expansion  and  relief  pipes  would  be 
omitted,  or  carried  considerably  above  the  tank,  to  prevent 
the  temporarily  increased  main  pressure  from  forcing  hot 
water  into  the  tank. 

63.  Storap:e-Tank  System. — Fig.  32  shows  in  front 
elevation  and  end  elevation  a  horizontal  hot-water  storage 
tank  a  and  its  installation,  connected  up  in  a  neat  and  sym- 
metrical manner.  The  tank  is  suspended  by  two  wrought- 
iron  cradles  by  b  that  are  supported  on  iron-pipe  frames  put 
together  with  common  stock  fittings,  as  shown.  The  flanges 
at  the  base  of  the  frame  are  set  on  the  floor  and  the  top  of 
the  rear  frame  is  calked  to  the  wall,  as  shown  at  c.  Cold 
water  can  be  supplied  to  the  boiler  either  from  the  street 
mains  through  the  pipe  d,  or  from  a  house  tank  through  the 
pipe  i\  according  to  the  requirements  of  the  building  and  the 
condition  of  the  street  pressure,  a  check-valve  /  being  placed 
on  the  rising  main  d.  The  water  is  heated  during  winter 
by  a  steam  coil,  shown  by  dotted  lines  inside  of  the  tank. 
During  summer,  when  steam  is  not  available  in  the  build- 
ing, the  water  is  heated  by  a  coal  fire  in  the  heater^.  A  dis- 
tributing manifold  //  is  located  over  the  tank,  the  hot-water 
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flow  pipes  t,  t,  leading:  to  the  fixtures  taking  their  supply 
from  this  manifold,  each  being  separately  valved  and  dripped 
above  the  manifold,  as  shown.  The  return  or  circulation 
pipes  jyj  are  connected  in  the  same  manner  to  the  return 
header  k,  A  safety  valve  located  at  /  prevents  the  accumu- 
lation of  an  excessive  pressure  due  to  the  expansion  of  the 
water,  there  being  a  possibility  of  the  pressure  rising  from 
this  cause,  since  a  check-valve  /  is  used  on  the  supply  pipe. 
This  check-valve  is  necessary  to  prevent  a  discharge  of  the 
water  in  the  house  tank  into  the  street  main  at  times  when 
the  street-main  pressure  is  less  than  the  pressure  in  the 
house 'pipes.  A  damper  regulator  m  regulates  the  com- 
bustion of  the  fire  in  the  heater  according  to  the  temperature 
of  the  water,  and  is  intended  to  prevent  the  formation  of 
steam  in  the  heater.  The  drip  pipe  n  is  continued  to  a  floor 
drain  trap  and  discharges  openly  into  it.  This  pipe  carries 
off  water  from  the  drip  cocks,  the  safety  valve,  and  the 
blow-off,  or  emptying,  pipes. 

The  rising  pipes  are  run  under  the  ceiling  at  equal  distances 
apart,  being  supported  by  bar  hangers  o  hung  from  the 
ceilinty  at  intervals  of  about  8  feet. 

The  arrangement  shown  in  Fig.  32  is  particularly  adapted 
for  use  in  apartment  houses,  small  hotels,  and  other  build- 
ings where  steam  is  not  used  for  power  purposes.  If  the 
plumber,  in  making  boiler  connections  like  those  shown,  is 
careful  to  line  up  all  the  valves  neatly  in  rows,  fit  up  the 
pipes  straight  and  equidistant,  and  to  have  no  crooked 
threads  or  marred  pipes,  the  work  will  be  typical  of  the 
best  modern  practice. 
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INSPECTION    OF    NEW    WORK 


DUTIES     OF     PLUMBII^G     INSPECTOR 


INSPECTION    OF    FLANS 

1,  The  first  duty  of  a  plumbing  inspector  in  relation  to 
the  work  in  any  new  building  located  within  his  jurisdiction 
is  to  examine  carefully  the  placs  and  specifications  submitted 
for  approval  to  see  that  they  conform  to  all  the  requirements 
of  the  plumbing  code.  Should  the  plans  and  specifications 
for  any  reason  not  conform  to  such  requirements^  they  should 
immediately  be  disapproved  and  notice  of  such  disapproval, 
stating  the  reason  for  such  action,  should  be  served  on  the 
owner,  architect,  or  plumber  that  submitted  the  plans. 

Under  no  consideration  should  plans  and  specifications  be 
returned  to  the  party  that  filed  them,  but  corrections  in  the 
form  of  amendments  should  be  added  to  the  plans  and 
specifications  until  they  conform  to  all  requirements  of  the 
code.  By  this  method  of  procedure!  a  complete  record  of 
the  entire  transaction,  showing  the  various  stages  of  nego* 
tiations,  is  kept. 

When  defective  plans  or  specifications  have  been  amended, 
they  should  again  be  examined,  and  if  unsatisfactory  a  second 
notice  of  disapproval  should  be  sent  to  the  party  filing  them. 
If.  on  the  other  hand,  the  plans  and  specifications  both  con- 
form to  all  requirements  of  the  plumbiner  code,  they  should 
be  approved,  and  notice  of  such  approval  sent  to  the  proper 
party.    This  notice  of  approval  usually  serves  as  a  permit,  and 
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is  a  license  to  the  contracting  plumber  to  proceed  with  the 
installation  according  to  the  approved  plans  and  specifications. 

2.  Pending  approval  of  plans  and  specifications,  the 
inspector  may  keep  watch  on  the  building  where  the  work 
is  to  be  installed  to  see  that  no  work  is  done  by  the  plumber 
without  approval  of  the  department.  *  Should  the  work  be 
installed  and  finished  without  the  knowledge  or  approval  of 
the  department  it  would  require  a  lawsuit  to  cause  altera- 
tions to  be  made.  The  lawsuit  would  consist  of  a  condemna- 
tion proceeding,  which  would  place  on  the  department  the 
burden  of  proof  to  show  that  the  work  was  unsanitary — 
sometimes  a  very  difficult  matter  to  prove.  Should,  on  the 
other  hand,  a  contractor  be  discovered  installing  work,  the 
plans  for  which  have  not  been  approved  by  the  proper 
authorities,  an  injunction  proceeding  wiir  restrain  him  from 
finishing  it  until  such  time  as  all  conditions  have  been  com- 
plied with.  

INSPECTION    OF    THE    WORK 

3.  Periodical  Examinations. — When  the  work  of 
installing  a  plumbing  system  has  been  commenced,  the 
inspector  should  make  periodical  examinations  of  the  work  to 
see  that  no  deviation  from  the  plans  and  specifications  are 
made.  Should  it  be  necessary,  at  this  stage  of  the  installation, 
to  change  the  layout  of  work  to  avoid  some  unforeseen  obsta- 
cles, or  should  some  extra  fixtures  be  required  as  an  after- 
consideration,  the  inspector  should  see  that  amendments  to 
the  plans  and  specifications,  covering  the  alterations,  are  sub- 
mitted to  and  approved  by  the  proper  authority,  before 
permitting  that  portion  of  the  work  to  be  installed. 

4.  Common  Defects  of  New  Work. — The  defects  of 
installations  most  frequently  observed  and  that  must  be 
carefully  looked  for  by  the  plumbing  inspectors  are  split 
hubs;  sand  holes  in  pipes  or  fittings;  light-weight  cast-iron 
pipe  and  fittings;  low  vent  connections  to  vent  stacks; 
light-weight  lead  pipe,  traps  and  bends;  light-weight  ferrules; 
and  T-branch  connections  to  soil  or  waste  pipes. 
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Where  the  Durham  system  of  piping  is  usedi  the  inspector 
should  see  that  the  ends  of  all  pipes,  before  they  are  screwed 
into  fittings,  are  reamed  to  remove  the  burr  formed  by  cut- 
ting the  pipej  aud»  that  fittings  are  flush  fittings.  Also,  he 
should  see  that  the  entire  drainage  system  is  well  supported 
,  to  prevent  settlement  of  the  slacks »  and  that  all  offsets  are 
made  with  bends  of  easy  curves, 

It  should  be  ascertained  beyond  any  possibility  of  doubt 
that  ail  drain  pipes  haye  a  suitable  pitch  toward  their  natural 
outlets,  and  that  the  sizes  of  the  pipes  actually  installed 
coincide  with  the  sizes  of  pipes  marked  on  the  approved 
plans.  It  should  further  be  ascertained  that  all  soil  stacks 
and  waste  stacks  are  carried  full  size  up  to  and  through  the 
roof,  and  that  the  outlets  terminate  well  away  from  windows, 
doors»  chimneys,  flues»  or  other  openings  to  the  building. 
The  inspector  should  examine  the  vent  stacks  to  see  if  they 
intersect  the  accompanying  soil  stacks  or  waste  stacks  below 
the  inlet  from  the  lowest  fixture*  He  should  further  be  sure 
that  the  vent  stack  is  again  connected  to  the  accompanying 
soil  stack  or  waste  stack  above  the  highest  Itxture,  or  else 
extends  sepa lately  through  the  roof* 

Fixture  traps  should  be  examined  to  see  that  they  are  set 
true  with  respect  to  their  water  seals,  and  that  they  are  prop- 
erly vented  by  a  l>ranch  pipe  extending  from  near  the  crowa 
of  the  trap  to  the  main  vent  stack. 

The  fresh-air  inlet  should  be  examined  to  see  that  it  is 
properly  connected  to  the  main  house  drain »  and  that  the 
outlet  is  properly  protected  from  obstruction  and  located  a 
suitable  distance  from  windows  or  doors.  In  fact,  the  entire 
work  must  be  inspected  to  see  that  it  is  built  in  accordance 
with  the  plans,  specifications*  and  the  plumbing  code. 

5,  ClifitifrcE^. — Should  the  contractor,  without  filing  an 
amendment  to  the  plans  and  specifications,  deviate  from  the 
work  as  approved  by  the  department,  or  should  inferior 
materials  he  used  in  place  of  those  specified,  it  becomes  the 
duty  of  the  phimbiny  inspector,  on  discovering  such  alter- 
ations or  deviations,  to  notify  the  department  of  such  violation 
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of   the  code.     The   inspector's  report  on  violation  should 
state  that  he  has  examined  the  premises  described  and  has 

found  thereon  a  violation  of  section of  the  plumbing 

code,  and  should  then  state  in  detail  what  omission  or  com- 
mission constituted  the  violation. 

6.  Violations  of  Plumbing  Code. — A  blank  form  of 
report  on  violations  as  used  by  the  New  York  City  Depart- 
ment of  Buildings,  and  that  can  be  modified  to  suit  the 
requirements  pf  any  department,  is  as  follows: 

REPORT  OF  VIOLATION  TO  SUPERINTENDENT  OF  BUILDINGS 

The  Citv  of  Nbw  York, 

Borough  of  Manhattan, 190 

To  THE  Superintendent  of  Buildings  for   the   Borough   of 
Manhattan. 

Sir: — I  respectfully  report  that  I  have  examined  the  premises  and 

building       situated  on  the of  the  lot    on  the 

side  of ,  commencing  about 

feet  from  the corner  of 


and. 


and  known  as  No. 


and  find  existing  thereon  a  violation  of  Section . 
of  the* 


as  follows: 


*Insert  Building  Code  or  Tenement  House  Act.  as  the  case  may  be. 
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said  building  being 


building and stor    in  height, 

feet  front, feet  rear, 

feet  deep,  and feet  high,  and  occupied  or  intended 

to  be  occupied  as 

and  located  in  the  Borough  of  Manhattan, 


in  The  City  of  New  York. 
Owner 


Residence  _ 


Place  of  Business 


Person  superintending  the  work,. 
Address 


Condition  of  work  (how  far  progressed) . 


Plan  No New  Buildings  of  190 

Plan  No Alterations  of  190 

Lessee 


Residence 


Place  of  Business- 
Agent 


Residence 

Place  of  Business. 
Architect 


Residence- 


Place  of  Business - 
Builder 


Residence 


Place  of  Business. 


Inspector, 

-_     District 
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7.  On  notice  from  an  inspector  that  a  violation  of  the 
plumbing  code  exists  on  certain  premises,  the  Superintendent 
of  Buildings  should  cause  to  be  served  on  the  contracting 
plumber  installing  the  work  a  notice  that  such  violation 
exists,  together  with  an  order  to  remove  the  cause  of  viola- 
tion forthwith,  under  penalty  of  incurring  the  punishment 
prescribed  by  the  code.  Such  notice  to  remove  a  violation 
should  be  served  by  an  official  or  employe  of  the  depart- 
ment, and  may  be  served  personally  on  the  contracting 
plumber,  or  by  leaving  a  copy  at  his  place  of  business.  A 
blank  form  of  notice,  suitable  for  this  purpose,  follows: 

NOTICE    TO    REMOVK    VIOLATION 

The  City  of  New  York, 

Borough  of  Manhattan, 190 

To 


You  will  please  take  notice  that  there  exists  a  violation  of  the  Build- 
ing Code  at  the  premises  hereinafter  described,  in  that 
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The  building    and  premises  to  which  this  notice  refers  are  situated 

on  the . of  the  lot  on  the 

side  of commencing  about feet 

from  the corner  of and 

,    and   known   as   Number 

: said  building  being 


story building  ,   about feet  front, 

feet  rear, feet  deep,  and feet  high, 

and  occupied  or  intended  to  be  occupied  as  a 


and  located  in  the  Borough  of  Manhattan,  in  The  City  of  New  York. 

By  the  commission  of  the  said  violation  you  have  incurred  a  penalty 
of  Fifty  Dollars. 

Should  you  fail  to  comply  with  this  notice  within  ten  days  after 
the  service  thereof,  you  will  incur  a  further  penalty  of  Two  Hundred 
and  Fifty  Dollars. 

You  are  hereby  required  to  remove  said  violation  forthwith,  or  legal 
proceedings  will  be  commenced  against  you. 


Superintendent  of  Buildings  for  the  Borough  of  Manhattan 


8.  Having  served  the  notice  to  remove  a  cause  of  viola- 
tion, the  process  server  should  then  certify  on  the  back  of 
the  original  notice  that  he  has  served  a  copy  of  same  and 
state  whether  the  service  was  a  personal  one  or  had  been 
made  by  leaving:  a  copy  at  the  contractor's  place  of  business. 
Such  an  indorsement  should  be  attested  by  a  duly  authorized 
notary  public. 

A  copy  of  a  notice  of  service  follows: 


NOTICE    OF    SERVICE 

Statb  and  City  of  New  York,  ^ 
County  of 


;)... 


of  said  City  and  County,  being  duly  sworn,  says  that  he  is  an  oflficer 
and  emplojre  in  the  Bureau  of  Buildings  of  The  City  of  New  York, 
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Borough  of  Manhattan;  that  he  is  over  twenty-one  years  of  age;  that 

on  the day  of 190    , 

at  

in  the  Borough  of 

in  said  City,  he  served  the  within  notice  upon 


therein  named,  by  delivering  to  and  leaving  with- 


personally,  a  true  and  correct  copy  thereof,  and  that  he  knows  the 
person  so  served  as  aforesaid  to  be  the  same  person  mentioned  and 
described  in  the  5^id  notice. 

Deponent  further  says  that  the  said ^ 


then  and  there  stated  to  deponent  that     he  was  the. 


of  the  building  described  in  the  said  notice. 


:j  Sworn  to  before  me,  this_ 


o  ' 


2 

2      day  of 190 


-} 


o 

>  Notary  Public, County, 


PLUMBING  INSPECTION  9 

9.  When  a  notice  to  remove  a  cause  of  violation  is  served 
on  a  contractor,  and  he  refuses  or  neglects  to  obey  its  mandate, 
the  case  leaves  the  jurisdiction  of  the  Building  Department 
and  becomes  a  matter  for  the  courts  to  settle.  If,  on  the 
contrary,  the  plumber  removes  the  cause  of  violation,  then, 
on  notice  to  the  Building  Department,  an  inspector  will  make 
another  examination  of  the  condemned  portion  of  work,  and 
if  found  satisfactory  will  make  a  final  report  to  the  superin- 
tendent of  the  condition  of  the  work,  together  with  a  recom- 
mendation to  dismiss  the  violation. 

The  final  report  may  be  made  on  a  blank  similar  to  the 
following: 

FINAL    REPORT    ON    V10L.ATI0N 

The  City  of  New  York, 
Borough  of  Manhattan, 190 


In  the  matter  of  the  violation  of  law' 
on  bnilding  1 


Final  Report. 


To  the  Superintendent  of  Buildings   for   the   Borough   of 
Manhattan. 

5/r.-— I  respectfully  report  that  I  have  examined  the  building  herein 
described  and  find  that  the  violation  thereon  has  been  removed  as 
follows:^ 


/nsP€ctor 

On  the  outside  of  such  report  the  following  record  and 
recommendation  should  be  indorsed: 
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THE  BUREAU  OF  BUILDINGS 

OF  THE  CITY  OF  NEW  YORK 
BOROUGH  OF  MANHATTAN 


Nature . 


No, 


Report  of  Examinations,  Etc. — General  Violations 

Premises 


.Owner 


190 


Report  of  Inspector- 
Notice  served  by 

Notice  posted  by 


Sent  to  Corporation  Counsel 

Violation  removed 

Pinal  Report  of  Inspector 
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Thb  City  of  Nkw  York, 90 


to  the  supbrintbndbnt  of  buildings  for  thb 
Borough  of  Manhattan. 


Sir: — The  requirements  of  the  law. 


having  been   complied  with,  I  recommend   that   this 
case  be 


Inspector 


Approved ■. 190 


Superintendent  of  Buildinzs 

far  the  Borou£h  of  Manhattan 


Case  dismissed 190 

See  Report  on  last  page. 


Superintendent  of  Buildings 

for  the  Borough  of  Manhattan 
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10.  Witnessinfj^  Tests. — When  the  Building:  Depart- 
ment receives  notice  that  a  drainage  system  is  filled  with 
water  and  ready  for  the  inspector  to  examine,  it  is  its  duty 
to  have  an  inspector  examine  and  pass  upon  the  work  within 
48  hours  from  receipt  of  such  notice.  Should  the  inspector 
refuse  or  neglect  to  make  an  examination  within  the  pre- 
scribed time,  the  plumber  may  have  the  work  examined  by 
some  other  competent  person,  and  then  withdraw  the  water 
from  the  lines  and  proceed  with  his  work. 

11.  When  about  to  witness  a  roughing  test,  the  inspector 
should  first  ascertain  whether  it  will  be  a  water  test  or  a 
compressed-air  test.  If  it  is  a  water  test,  he  should  have 
the  entire  drainage  system  filled  until  water  overflows  the 
stacks  above  the  roof;  then,  beginning  at  the  top,  he  should 
work  downwards,  examining  , carefully  every  line  of  pipe, 
keeping  a  sharp  lookout  for  rust,  tallow  patches,  and  tar 
patches,  that  might  conceal  split  hubs,  sand  holes,  or  other 
defects  in  the  pipe  or  fittings.  When  the  system- is  perfectly 
tight,  he  should  have  the  water  drawn  from  the  system  in 
his  presence  and  can  then  judge  from  the  volume  of  water 
whether  the  system  was  completely  filled. 

12.  When  witnessing  an  air  test,  the  inspector  should, 
first  examine  and  test  the  pressure  gauge  to  prove  its  accu- 
racy, and  see  that  it  has  not  been  calibrated  to  register  a 
greater  pressure  than  is  actually  on  the  system.  Where 
doubt  exists  as  to  the  accuracy  of  a  pressure  gauge  and  no 
means  are  available  for  testing  its  accuracy,  the  inspector 
should  require  a  mercury  gauge  to  be  substituted  for  the 
spring  gauge.  The  air  in  the  system  should  then  be  com- 
pressed in  the  presence  of  the  inspector,  who  can  judge  from 
the  length  of  time  required  to  pump  up  the  pressure 
whether  the  entire  system  is  being  filled.  When  a  pres- 
sure of  10  pounds  is  indicated  by  the  gauge,  the  pressure  is 
sufficient  for  the  purpose  of  a  test,  and  if  the  indicating  hand 
of  the  gauge  remains  stationary  for  20  minutes  the  system 
can  be  considered  tight.  The  test,  however,  does  not  end 
there.     The    inspector    should   now   carefully  examine   the 


§53 


PLUMBING  INSPECTION 


13 


b 


system  to  see  that  leaks  have  not  been  made  tight  with 
pitchi  tar,  rust  preparations,  or  other  temporary  makeshifts 
that  mii^ht  soon  give  way  and  permit  the  system  to  leak. 
He  should  further  satisfy  himself  by  loosening  testing  plugs 
in  various  parts  of  the  system  that  pressure  is  on  all  the 
stacks  and  branches, 

13-  Where  the  plumbing  code  requires  that  *' after  the 
completion  of  work,  when  water  has  been  turned  on,  the 
system  shall  again  be  tested  with  a  peppermint  test  or  a 
smoke  test/'  the  inspector  should  insist  on  the  smoke  test 
being  applied.  Peppermint  tests,  in  a  strict  sense,  cannot  be 
considered  tests,  inasmuch  as  they  disclose  only  large  leaks 
in  a  system.  They  do  not  create  an  internal  pressure,  and 
when  they  disclose  the  presence  of  a  leak  it  is  only  by  indi- 
cating to  the  sense  of  smell  that  there  is  a  defect  somewhere 
in  the  system— the  precise  spot  is  not  disclosed.  Smoke 
machines,  on  the  contrary,  maintain  a  pressure  within  the 
system  that  discloses  the  most  minute  leak,  and  smoke 
issuing  from  the  defects  indicates  the  exact  location. 

When  a  smoke  test  is  applied,  the  inspector  should  see  that 
all  traps  are  sealed  with  water  and  that  all  outlets  above  the 
roof  are  left  open  until  smoke  issues  from  them.  The  outlets 
should  then  be  tightly  plugged  to  prevent  further  loss  of 
smoke  or  escape  of  pressure,  and  the  system  pumped  full  of 
smoke  until  it  sustains  a  pressure  equal  to  at  least  a  l~inch 
column  of  water*  If  this  pressure  remains  unchanged  for 
5  minutes  the  system  may  be  considered  tight. 

14,     ReiK>rts  of  Inspection  to  Department* — Besides 

the  reports  on  violationSi  a  plumbing  inspector  should^  as  the 
work  progresses,  make  several  other  reports  to  the  Building 
Department.  Each  report  should  be  based  on  a  personal 
cKamination  of  the  premises  and  should  state  the  amount  of 
work  that  had  been  installed  since  the  last  inspection  of  the 
premises  and  whether  the  work  conformed  to  the  specifica- 
tions. His  first  report  should  be  made  as  soon  as  work  is  com- 
menced on  the  plumbing  contract:  it  should  be  indorsed  on 
the  application  for  permit  and  may  be  similar  to  the  following. 
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REPORT  OF  INSPECTOR   AS   TO  COMMENCEMENT   OF  WORK 

Thk  City  of  New  York, 

Borough  of  Manhattan, 190 

To  THE  Superintendent  of  Buildings   for   the   Borough   of 
Manhattan. 
Sir: — I  beg  to  report  that  the  work  of  plumbing  and  drainage  herein 

described  was  begun  on  the day  of 190 

Respectfully  submitted, 

Inspector^ 


District 


Following  the  report  as  to  commencement  of  work,  the 
inspector  should  supplement  it  with  a  detailed  description  of 
the  number  and  kinds  of  fixtures  to  be  installed,  size  and 
number  of  house  drains,  material  and  manner  of  trapping 
drains,  number  of  soil  waste  and  vent  stacks,  in  short,  every- 
thing appertaining  to  the  plumbing  work.  This  report  must 
in  all  respects  tally  with  the  original  specifications  in  the 
description  of  materials,  sizes  of  pipes,  location  and  direction 
of  stacks  and  branches,  number  and  location  of  fixtures,  num- 
ber of  buildings  and  purposes  for  which  they  are  to  be  used, 
together  with  all  other  information  that  has  a  bearing  on  the 
sanitary  aspect  of  the  plumbing  work.  Should  there  be  any 
discrepancy  between  the  two  reports,  it  then  becomes  the 
inspector's  duty  to  examine  carefully  the  premises  to  ascer- 
tain wherein  the  difference  lies,  and  if  any  deviation  in  the 
installation  has  been  made  from  the  specifications  as  originally 
filed,  a  notice  of  violation  should  be  served  on  the  contractor 
to  prevent  him  proceeding  further  with  the  work  without  com- 
plying with  the  original  plans  and  specifications,  as  follows: 

Plan  NO {^l"[tf.Sr}     190- 

Location 


In  all  cases  Inspectors  will  furnish  the  following  information  with- 
out regard  to  the  information  given  in  the  application  and  plans  on 
file  in  the  Bureau: 

1.     Number  of  Buildings . 


§53 


PLUMBING  INSPECTION 


15 


How  occupied  at  present  _ 


Fixtures — what  kind  and  where  located: 


Yard 

Cellar      

Basement      .   .   . 
First  Story    .   .    . 
Second  Story    .   . 
Third  Story      .   . 
Fourth  Story    .   . 
Fifth  Story    .   . 
Sixth  Story    .   .    . 
Seventh  Story 
Eighth  Story    .    . 
Ninth  Story 
Tenth  Story      .   . 
Eleventh  Story    . 
Twelfth  Story 
Thirteenth  Story 
Fourteenth  Story 
Fifteenth  Story    . 
Sixteenth  Story    . 
Seventeenth  Stor>- 
Eighteenth  Story 
Nineteenth  Story 
Twentieth  Storv 


^ 

to 

^5 


X 


S9 


^x 


4.  School  sinks  (how  many; 

6.  Describe  water  closets  _ 

6.  Describe  urinals . 

7.  Describe  wash  basins 

8.  Describe  bathtubs  Ut^*^,  br^^nd  ^/f  utm*-} 

9.  Describe  wash  tulM  Ufa*^  ^/mrt^  *A  x^m^) 

10.  Cooditioo  of  school  %fok«  ^r*^  wtMrf^i  ^f,  %y^  wiitf/y^ 
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11.     House  drains— State  number  for  each  building 

Diameter inches.     Material 


12.  Area  shaft,  court,  and  yard  drains— Material . 
Diameter inches.     How  trapped? 

13.  Cellar  drain— Material 


Diameter inches.    How  trapped?- 


14.  How  are  the  sewage  and  drainage  of  the  buildings  disposed  of? 
Public  or  private  sewer? 

15.  House  sewers — State  number  for  each  building 

Diameter inches.     Material 

Where  connected? . 


16.     House  traps— Material . 


Diameter inches. 

17.     Fresh-air  inlets — State  number  for  each  building. 

Diameter inches.     Material 

Location  of  inlet 


How  are  they  protected  against  obstructions?. 


18.     Soil  pipes — Number  in  each  building 

Diameter inches. 

Number  extending  above  roof  in  each  building. 


Diameter  and  material  of  outlets  and  branches  up  to  traps- 


19.     Waste  pipes— Number  in  each  building 

Diameter    inches. 

Number  extending  above  roof  in  each  building. 


Diameter  and  material  of  outlets  and  branches  up  to  traps. 


20.     Vent  pipes— Number  in  each  building 

Diameter inches. 

Number  extending  above  roof  in  each  building. 


Diameter  and  material  of  outlets  and  branches  up  to  traps. 
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21.    Material  of  soil,  waste,  and  vent  pipes 


22.  How  are  all  the  above  soil,  waste,  vent,  and  other  pipes  sup- 
ported ? 

23.  How  are  the  floors  of  water-closet  apartments  made  waterproof? 

base inches  high. 

Material 

24.  How  are  present  water-closet  apartments  ventilated  to  the  external 
air? 


25.    Is  the  building  supplied  with  water ?_ 
28.    Is  a  pump  necessary? 


Special   Pixturbs 
27.    Describe  any  special  fixtures  or  work 


Rbmarks 
3.    Give  a  general  description  of  plumbing  work  as  same  exists  at 
present 


Inspector 

Dated 190 

16.  When  the  work  of  installing:  plumbing  in  a  building 
is  completed  and  the  final  test  has  been  made,  these  facts 
should  be  certified  to  the  Department  of  Buildings  in  the 
form  of  a  final  report.  Such  report  should  be  indorsed  on 
the  original  detailed  specifications,  and  may  be  as  follows. 

64—87 
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FINAL.    REPORT 

The  City  of  New  York, 

Borough  of  Manhattan,- 190 

to  thb   supbrintbndent  of   buildings   for  the   borough  of 
Manhattan. 

Sir:— I  beg  to  report  that  the  work  of  plumbing  and  drainage  herein 

described  was  completed  on  the day  of 190    , 

and  that  said  work  was  carefully  examined  by  me  and  found  to  con- 
form in  all  respects  to  the  approved  plans  and  specifications  and  the 
rules  and  regulations  of  the  Bureau  of  Buildings  for  the  Borough  of 
Manhattan. 

Respectfully  submitted, 

Inspector, 

_  District 

16,  An  inspector  should  file  a  weekly  report  stating  what 
work  he  has  done  during  the  week.  The  chief  object  of  this 
report  is  to  gather  data  for  statistics  showing  the  number 
of  inspections  that  are  made  weekly,  monthly,  and  annually, 
in  each  inspection  district.  Incidentally  it  is  a  check  on  the 
inspector,  as  his  reports  should  show  a  certain  average  for 
each  week  of  the  year.  This  average,  however,  cannot  be 
wholly  depended  on,  as  during  various  months  the  amount 
of  work  in  any  inspection  district  might  vary  considerably, 
and  when  the  demands  for  inspection  are  numerous  it  is 
reasonable  to  suppose  that  more  inspections  will  be  made 
than  in  periods  when  work  is  scarce.  On  the  other  hand, 
when  an  inspector  has  ample  time  to  perform  his  duties,  it 
must  be  expected  that  a  more  thorough  examination  will  be 
made  of  all  work  he  inspects. 

Weekly  reports  are  not  supposed  to  state  in  detail  the  con- 
dition of  work  in  premises  inspected,  but  should  state  the 
number  of  violations  placed  on  work  and  briefly  state  the 
reasons  for  such  action;  also,  it  should  state  the  number  of 
inspections  made,  the  dates  of  such  examinations,  the  number 
of  plans  examined,  final  examination  made,  and  anything  of 
an  unusual  nature  that  falls  under  the  inspector's  observation 
while  engaged  in  the  discharge  of  his  duties.  A  form  for 
such  a  report  follows. 
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WEEKLY    REPORT 

The  Bureau  of  Building  of  The  City  of  New  York 

FOR  THE  BOROUGH  OF  MANHATTAN 

The  City  of  New  York, 
Borough  of  Manhattan,. 


190 

To  THB   Superintendent  of  Buildings    for  the    Borough   of 
Manhattan. 

Sir: — I  have  the  honor  to  report  for  the  week  ending 190 

as  follows:  In  respect  to  plumbing  and  drainage  of  buildings  for  the 
inspection  district. 


Tenements  I  Misc.  !  Total 


New  buildings  begun 

New  buildings  finished  and  final  reports  filed 
New  buildings  in  course  of  construction  at  date 
New  buildings  containing  plumbing  at  date 

Alterations  begun     

Alterations  finished  and  final  reports  filed 
Alterations  in  course  of  construction  at  date 
Alterations  containing  plumbing  at  date    .   . 

Slip  alterations  begun 

Slip  alterations  finished  and  slip  turned  in    . 
Slip  alterations  in  course  of  construction  at 

date 

Slip  alterations  containing  plumbing  at  date 
Buildings  reported  in  violation  of  plumbing 

law 

Buildings  reported  in  violation  of  tenement- 
house  law 

Buildings  in  which  violations  of  plumbing  law 

were  removed 

Buildings   in  which  violations  of    tenement- 
house  law  were  removed 

Buildings  on  which  violations  of   plumbing 

law  are  outstanding 

Building^  on  which  violations  of   tenement- 
house  law  are  outstanding 

Number  of  inspections  under  plumbing  law 
Number  of  inspections  under  tenement-house 

law 

Number  of  other  inspections 

Total     

Total  of  all  inspections 


Remarks 


Respectfully  submitted. 


Inspector 
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17.  The  final  report  of  a  building  inspector,  while  certi- 
fying to  the  department  that  the  work  has  been  completed 
according  to  the  requirements  of  the  building  code,  cannot 
be  construed  as  a  final  acceptance  of  the  work  by  an  owner 
or  as  a  certificate  of  acceptance  from  any  architect.  The 
plumbing  inspector  certifies  only  that  the  sanitary  portion  of 
the  work  is  in  accordance  with  the  code,  and  not  that  work- 
manship and  materials  are  all  that  the  plumber's  contract 
require  him  to  furnish. 

When  work  under  a  contract  is  completed,  the  contracting 
plumber  should  so  notify  the  architect  in  writing  and  request 
an  examination  of  the  work  and  a  certificate  of  acceptance. 


DUTIES  OF  PLUMBER 


REGISTRATION    AND    LICENSE 

18.  Where  the  laws  of  a  city  or  state  require  it,  a  con- 
tracting plumber  should  pass  an  examination,  secure  a 
license,  and  register  with  the  Department  of  Buildings  his 
name,  home  address,  and  place  of  business.  On  registering 
his  name  and  address,  the  department  will  issue  to  him  a 
certificate  of  registration  similar  to  the  following: 

Office  of  the  Borough  President  of  the  Borough  of  Manhattan 

IN  THE  CITY  OF  NEW  YORK 


The  Bureau  of  Buildings  for  the  Borough  of  Manhattan 

Office,  No.  220  Fourth  Arcnuc 
S.  W.  Cor.  tSth  Street 

Certificate  of  Registration  of  Master  Plumber 


Certificate  No. 
When  issued   _ 

Name 

Residence 

Shop  


Superintendent  of  Buildings  for  the  Borough  of  Manhattcm 


p 


p 
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19*  Contracting  plumbers  are  usually  not  permitted  to 
open  streets,  make  connections  to  street  sewers,  or  tap  water 
mains  until  they  have  secured  from  the  proper  authority, 
generally  the  Department  of  Highways,  a  yearly  license  to 
perform  such  services.  As  a  condition  precedent  to  issuing  a 
license,  the  department  in  authority,  in  some  cities,  requires 
that  the  applicant  furnish  a  suitable  bond  to  indemnify  them 
for  any  judgments  rendered  against  the  city  for  damages  or 
injuries  sustained  due  to  opening  or  obstructing  the  street 
by  the  licensee,  A  bond  for  this  purpose  may  be  furnished 
either  by  friends  of  the  plumber,  or,  as  is  more  generally 
the  case,  by  a  surety  company  authorized  to  act  in  that 
capacity  within  the  state.  To  act  as  bondsmen,  individuals 
must  be  owners  of  real  estate,  the  value  of  which  is  equal  to 
at  least  twice  the  face  value  of  the  bond. 

To  secure  a  bond  from  a  surety  company,  the  plumber 
files  with  the  company  an  application  for  a  bond,  stating  the 
name  of  applicant,  residence,  place  of  business,  amount  of 
bond  required,  purpose  of  the  bond,  and  giving  the  names 
and  addresses  of  several  references  who  can  certify  as  to 
the  responsibility  of  the  applicant.  If  the  references  given 
prove  satisfactory,  on  payment  of  a  fee  of  about  $10  per 
thousand,  the  bond  will  be  executed. 


COMPLIANCE    WITH    RULES 

20.  The  bond  required  of  a  licensed  plumber  is  gener- 
ally a  guarantee  that  he  will  comply  with  all  rules  and  laws 
of  the  Building  Department  and  Board  of  Health,  Should 
he  not  do  so  proceedings  may  be  instituted  against  him  to 
have  his  license  revoked. 

Before  proceeding  with  the  installation  of  new  work  or 
with  alterations  of  old  work,  the  contracting  plumber  should 
file,  or  cause  to  be  filed  with  the  Department  of  Buildings, 
plans  and  a  detailed  description,  or  specifications  of  the 
work  to  be  installed,  and  should  wait  for  the  approval  of 
the  department  before  commencing  operations,  A  blank 
form  of  specifications  follows. 
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SPECIFICATIONS    OF    WORK 
OFnCE  OF  THE 

Borough  President  of  the  Borough  of  Manhattan 

In  The  City  of  New  York 

The  Bureau  of  Buildings  for  the  Borough  of  Manhattan 

Office.  No.  220  FOURTH  AVENUE 
S.  W.  Comer  18th  Street 


Plan  No._ 


N.  B.\ 
_AU.   /190 


Piled- 


.190 


NoTiCR.— The  approval  of  this  application  is  in  accordance  with  section  4  of  the 
Ruildinsr  Code,  to  wit:  "Any  approval  which  has  been  issued  by  the  Superintendent 
of  Buildinsrs  pursuant  to  the  provisions  of  law.  but  under  which  no  work  has  been 
commenced  within  one  year  from  the  time  of  issuance,  shall  expire  by  limitation." 

Application  is  hereby  made  to  the  Superintendent  of  Buildings  for 
the  Borough  of  Manhattan,  of  the  City  of  New  York,  for  the  approval 
of  the  plans  and  specifications  herewith  subtnitted  for  the  Plumbing 
and  Drainage  of  the  building  herein  described.  The  applicant  agrees 
to  be  governed  by  the  rules  and  regulations  of  the  Bureau  of  Buildings 
for  the  Borough  of  Manhattan,  and  to  comply  therewith  and  with 
every  provision  of  law,  whether  herein  specified  or  not. 


Date- 


190 


(Si£n  htre.) 


Location 


Number  of  buildings. 


Description  of  buildings__ 

Front  or  rear  of  lot_ 


How  occupied         Dimensions  of  each  building 

Dimensions  of  each  lot Feet  front Feet  deep_ 

Owner Address 

Architect Address 

Plumber^ Address 


82 

52 

K  O 
XX 



X 

Number  of 
floor  .    . 

families  on 

each 

How  will  the  sewaije  and  drainage  of  the  buildings  be  disposed  of? 
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If  other  than  a  public  sewer,  describe  same 
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House  sewers — State  number  for  each  building- 
Diameter inches. 


MateriaL 


Fall  per  foot- 


Where  connected  ?  . 
House  traps— Material  _ 


Diameter- 


Presh-air  inlets — State   number  for  each   building 

Diameter inches. 

Material Location  of  inlet- 
How  will  they  be  protected  against  obstructions? 


Jnch. 


.inches. 


House  drains— State  number  for  each  building 

Diameter inches. 

Material Fall  per  foot- 


Area,  shaft,  court,  and  yard  drains — Material. 

Diameter inches. 

How  trapped? 


Cellar  drain — MateriaL 
How  trapped? 


Diameter 


-inches. 


inches. 


How  will  the  yard,  area,  shaft,  court,  and  cellar  drains  be  pro- 
tected against  obstructions?            .                              .   .           — 
Catch    basins— Where    located?  Material  

How  will  they  be  made  water-tight? 

Dimensions , X  X 

Subsoil   drains — Material  Where  corinerted? 

Floor,  stable,  and  stall  drains— Matf^rial  IHumeUsr  inches* 

How  trapped? 

How    arranged  to  maintain  a  ipttrtnuu^Mt    wutar  t»«Mt    fn   •u^>«oil, 
floor,  stable,  and  fctall  drain  tra)^^ 
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Material  of  soil,  waste,  and  vent  pipes 


Soil  pipes — Number  in  each  building Diameter inches. 

Number  extending  above  roof  in  each  building. 

Diameter  and  material  of  outlets  and  branches  up  to  traps 


Waste  pipes — Number  in  each  building Diameter inches. 

Number  extending  above  roof  in  each  building 

Diameter  and  material  of  outlets  and  branches  up  to  traps 


Vent  pipes — Number  in  each  building Diameter inches. 

Number  extending  above  roof  in  each  building 


Diameter  and  material  of  outlets  and  branches  up  to  traps. 


Refrigerator  waste  pipes — State  number  in  each  building 

Diameter inches. 

Material Will  they  extend  through  roof  ?_ 

Roof  drainage — State  number  of  outside  leaders MateriaL 

Diameter inches    Diameter  of  traps inches. 

State  number  of  inside  leaders  Material 


Diameters Diameter  of  traps inches. 

How  will  all  the  above  soil,  waste,  vent,  and  other  pipes  be  supported? 

How  will   the  floor  of   water-closet  apartment   be  made  waterproof? 

base inches   high. 

Material 

Safes— Material Where   located? 

Diameter  and  material  of  safe  waste  pipe . 


Drip  trays — Material Where    located? 

Water-closet  cisterns — Material Dimensions, X X 

Diameter  and  material  of  supply  pipe inch 

Diameter  and  material  of   flush  pipe inch 

House  tank— Material Dimensions, X X 

Where  located? 

Overflow  pipe,  where  discharged? 

Emptying  pipe,  where  discharged? 

Telltale  pipe,  where  discharged? 
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Pump — Is  a  pump  necessary? 

Where  will  it  be  located? 

State  character  of  same? 
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Other  fixtures — what  kind  and  where  located: 


^5 


ga 

Do 

X 


15 


5l 


Si 


Yard 

CeUar  

Basement  .... 
First  Story  .  .  . 
Second  Story  .  . 
Third  Story  .  .  . 
Fourth  Story  .  . 
Fifth  Story  .  .  . 
Sixth  Story  .  .  . 
Seventh  Story  .  . 
Eighth  Story  .  . 
Ninth  Story  .  .  . 
Tenth  Story  .  .  . 
Eleventh  Story 
Twelfth  Story  .  . 
Thirteenth  Story 
Fourteenth  Story 
Fifteenth  Story  . 
Sixteenth  Story  . 
Seventeenth  Story 
Eighteenth  Story 
Nineteenth  Story 
Twentieth  Story  . 


Describe  water  closets. 


Describe  urinals- 
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Describe  wash  basins 


Describe  bathtubs  (state  brand  of 

same) 

Describe  wash  tubs  (state  brand  of 

same) 

n«»srrihe  sinks; 

Water  supply— will  all  fixtures  be  water  supplied? 

Give  general  description  and  character  of  same. 


21.  The  following  attested  statement  should  accompany 
the  detailed  specifications  and  may  form  part  of  them: 

I*Utn  No 190 FUed 190 

To    THE     SUPERINTKNDKNT    OF    BUILDINGS     FOR    THB     BoROUGH    OF 

Manhattan,  of  the  City  of  New  York. 

As  required  by  law,  the  accompanying  plans  and  detailed  statement 
of  specifications  of  the  plumbing  and  drainage  proposed  to  be  put  in 
the  building  described  below  is  hereby  submitted  for  your  approval: 

Location  of  Buildings 

_side  of 


.  _ feet of  , 

Street  or  avenue  number 


Number  of  buildings? New  or  old  buildings 

Front  or  rear  of  lot  ? Any  othfer  building  on  lot- 


How  to  be  occupied  ? If  old,  how  was  building  occupied 

Size  of  lot feet  front feet  rear feet  deep 

Owner -^ 

Address  of   Owner 

Architect 


Address  of  Architect . 
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\ss.: 


Statb  and  City  of  New  York, 
County  of  New  York 


being  duly  sworn,  deposes  and  says,  that    he  is  a   duly   registered 
plumber  in  the  Borough  of  Manhattan,  City  of  New  York,  residing  at 

Borough  of 


and  with  shop  at Borough  of 

that  he  is  duly  authorized  by  the  owner  as  given  above  to  do  the 
plumbing  work  as  set  forth  in  this  detailed  statement  of  specifications, 
and  shown  on  accompanying  plans,  and  hereby  stipulates  that  all  laws, 
ordinances,  rules  and  regulations  governing  plumbing  and  drainage 
shall  be  complied  with,  whether  specified  herein  or  not. 

Sworn  to  before  me  this 1 


day  of 190_ 


Commissionrr  of  Detds,  City  of  New  York 

22.  When  a  contracting  plumber  wishes  an  inspection 
made  of  any  work  that  he  has  installed,  he  should  so  notify 
the  department  and  state  the  location  of  the  buildings.  A 
blank  form  of  request  furnished  by  the  department  for  this 
purpose  follows: 

APPLICATION     FOR    INSPECTION 

The  City  of  New  York, 

Borough  OF  Manhattan, .     .190 

To  THE    Superintendent   of   Buildings   for   the    Borough   of 
Manhattan. 

No.  220  4th  Avenue 

5fr.-— An  inspection  of  the  plumbing  and  drainajice 
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of  the  buildings  situated  at 


in  the  Borough  of  Manhattan  is  requested. 

Plu  m  ber 

Address 


Borough  of 

Plan  No B,  190 

i^Notice  for  inspection  to  be  made  on  this  blank. 


INSPECTION  OF  OLD  WORK 


INTRODUCTION 


COMPLAINTS    AND    REPORTS 

23.  When  a  building  is  unsanitary,  and  the  owner  will 
not  place  it  in  a  sanitary  condition,  the  tenant  may  enter  a 
complaint  with  the  Board  of  Health,  whose  duty  it  then 
becomes  to  inspect  the  premises.  The  inspection  of  plumb- 
ing work  in  old  buildings  is  beyond  the  authority  of  plumbing 
inspectors,  unless  alterations  or  repairs  are  being  made  to 
the  drainage  system;  hence,  when  the  plumbing  work  in  an 
old  building  is  believed  to  be  in  an  unsanitary  condition, 
complaints  must  be  made  to  the  Department  of  Health, 
which  has  full  jurisdiction  in  the  matter.  On  receiving  from 
a  citizen  a  complaint,  stating  the  cause  for  apprehension  and 
the  location  of  the  premises  complained  of,  the  Department 
of  Health  will  cause  a  sanitary  survey  of  the  premises  to 
be  made,  and  if  the  premises  or  plumbing  system  is  found 
to  be  in  an  unsanitary  condition,  will  require  them  to  be  put 
in  order. 

24.  It  is  of  the  utmost  importance  to  the  owner  of  a  build- 
ing that  he  have  his  plumbing  work  examined  by  one  who  is 
neither  prompted  by  fear  nor  actuated  by  the  hope  of  gain 


I 
I 

I 


I 


to  formnlatm^  his  report.  Unfortunately,  some  contractors 
when  called  on  to  test  their  own  work  will  conceal  defects, 
if  any  exist,  for  fear  that  admitting  their  existence  would 
cause  them  to  lose  future  work  of  the  owners.  A  sanitary 
eng^ineer,  not  bein^  influenced  by  such  motives »  is  free  to 
ascertain  the  true  state  of  affairs,  and  can  report  conditions 
just  as  he  finds  them,  together  with  an  unbiased  recommen- 
dation of  what  should  be  done  to  put  the  premises  in  a 
sanitary  condition. 

25 1  Plumbing  work  in  buildings  should  be  annually 
tested  and  inspected  by  sanitary  engineers  or  reputable 
plumbing  contractors,  and  whatever  defects  are  found  in  the 
plumbing  systems  should  be  repaired  without  delay.  By 
thus  annually  examining  and  repairing  a  plumbing  system 
it  will  be  kept  in  good  condition,  and  hence  will  never  be 
a  menace  to  the  health  of  the  inmates  of  the  building, 
Furthermorej  the  cost  for  maintenance  of  plumbing  work 
will  not  be  so  great  when  it  is  annually  inspected  as  when  no 
work  is  done  toward  discovering  and  repairing  leaks  until 
the  entire  system  is  out  of  repair.  An  examination  of  a 
plumbing  system  by  a  sanitary  engineer  should  not  be  con- 
fined to  the  plumbing  within  a  building^  but  should  include  a 
careful  sanitary  survey  of  the  entire  premises,  with  a  view 
to  ascertain:  The  source  of  water  supply,  and  its  proximity 
to  cesspools,  privies,  or  other  possible  sources  of  contami- 
nation; the  method  of  sewage  disposal  and  disposal  of  rain 
and  surface  waters;  the  drainage  of  stables  and  of  the 
subsoil;  the  conditions  of  the  cellar;  the  quantity  of  the  water 
supply;  damp,  un ventilated  cellars;  and  everything  else  that 
might  exert  a  salutary  influence  on  the  health  of  the  inmates. 


COMMON    REFECTS    OF    OLD    WOBK 

26.  Among  the  defects  most  commonly  discovered  in 
old  plumbing  systems  may  be  mentioned:  By-iiasses  around 
fixture  traps:  fixtures  that  are  double-trapped;  vent  pipes 
improperly  connected  to  fixture  traps;  vent  stacks  connected 
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to  chimney  flues  or  to  ventilating:  shafts;  safe  or  refrigferator 
waste  pipes  connected  to  the  drainage  system;  traps  placed 
at  the  foot  of  soil  or  waste  stacks;  fixtures  that  are  not 
trapped;  traps  that  are  not  vented;  tile  house  drains  with 
leaky  joints;  unventilated  soil  stacks  and  waste  stacks;  insuf- 
ficiently supported  house  drains,  stacks,  and  branches;  no 
fresh-air  inlet;  no  main  drain  trap;  saddle  hub  connections 
to  soil  and  waste  pipes;  leaky  joints  in  soil  pipes,  and  waste 
and  vent  pipes;  inaccessible  drain  traps;  T-branch  connec- 
tions to  soil  and  waste  pipes;  rain  leaders  used  for  soil  or 
waste  pipes;  vent  outlets  opening  near  windows,  doors,  or 
other  openings  to  a  building;  cowls  or  caps  attached  to  vent 
outlets  above  the  roof;  boiler  blow-off  connected  to  the  drain- 
age system  on  the  house  side  of  the  main  drain  trap;  and, 
the  blow-off  pipe  from  high-pressure  boilers  connected  to  the 
drainage  system  without  first  passing  the  water  through  a 
cooling  tank.  

INSPECTION  OP  PliUMBING  SYSTEM 


INSPECTION    OF    ABOVE-GROUND    SYSTEM 

27.  General  Procedure. — The  sanitary  engineer 
should  carefully  examine  the  plumbing  system  within  the 
building  to  see  that  a  sufficient  supply  of  water  is  obtainable 
at  all  the  fixtures;  that  the  house  tank  is  protected  from  dust 
and  vermin  and  that  it  is  kept  clean;  and  that  all  pipes  in 
cold  places  are  properly  protected  from  frost.  He  should 
further  see  that  all  lines  of  pipes  are  well  supported;  that 
the  waterback  is  properly  connected  to  the  range  boiler; 
that  the  waterback  is  not  partly  choked  with  deposits  of 
lime;  and  that  there  are  no  pounding  or  humming  noises  in 
the  supply  pipes  when  faucets  are  opened.  As  a  sanitary 
enp^ineer's  examination  of  a  plumbing  system  progresses,  he 
should  make  note  of  the  location  and  nature  of  defects  dis- 
covered, so  that  a  description  of  them  can  be  embodied  in 
his  report  to  the  owner,  together  with  recommendations  for 
their  repair. 
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28*  Bmoke  Test- — Wben  a  sanitary  engfineer  has  a 
smoke  test  applied  to  a  drainage  system,  he  should  see  that 
no  undue  preparation  of  the  system  has  been  made  for  the 
test.  The  system  having  been  in  daily  use»  all  fixture  traps 
and  drain  traps,  if  properly  installed,  should  be  sealed 
with  water;  if  they  are  not  sealed^  that  fact  should  be 
ascertained  and  the  cause  discovered.  If  care  were  taken 
to  seal  the  traps  before  applying  a  test,  the  fact  that 
the  traps  were  not  sealed  would  not  be  discovered  under 
ordinary  conditions. 

If,  while  the  smoke  test  is  applied,  a  drainage  system 
leaks  so  badly  that  pressure  cannot  be  maintained,  temporary 
repairs  should  be  made,  so  that  sufficient  pressure  can  be 
pumped  up  to  develop  most  of  the  leaks.  This  can  be  done 
in  nearly  all  cases  by  closing  the  large  leaks  with  putty  or 
clay;  if  this  is  done  the  location  of  each  large  leak  should  be 
noted  in  writing,  since  otherwise  one  or  more  of  these  large 
leaks  may  be  forgotten  when  permanent  repairs  are  made. 

When  the  pressure  in  a  drainage  system  supports  the 
smoke  machine  float  or  water-column  gauge  for  5  minutes, 
the  system  may  be  considered  tight  and  the  test  discontinued; 
up  to  that  time  search  should  be  continued  for  the  leak  or 
leaks  that  caused  the  float  or  water  column  in  the  gauge  to 
fall-  These  leaks  are  sometimes  so  small  as  to  be  almost 
beyond  detection;  they  may  be  merely  a  sponginess  in  the 
iron,  or  very  slight  leaks  in  the  calked  joints  of  the  soil  pipe 
through  which  smoke  oozes  so  slowly  as  to  be  almost 
invisible. 


INSPECTION    OF    UKDERGROUHn    SYSTEM 

29»  LocHtin^  Cesspool. — ^Leaching  cesspools  are  some- 
times capped  with  a  flat  stone  and  covered  with  earth  to  the 
level  of  the  surrounding  ground.  After  many  years,  the 
location  of  such  cesspools  may  be  forgotten,  and  before  a 
sanitary  engineer  can  examine  their  condition  he  must  first 
find  their  location.  To  locate  a  covered  cesspool,  the  engi* 
neer  would  naturally  look  first  in  that  part  of  the  premises 
where,  from  the  contour  of  the  ground  and  general  surface 
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indications,  bis  judgement  tells  him  he  would  be  likely  to  place 
it.  Having  judged  the  approximate  location  of  the  cesspool 
be  should  then  carefully  examine  the  surface  of  the  ground 
in  that  locality,  keeping  a  sharp  lookout  for  mounds  of  earth, 
overflow  pipes,  vent  pipes  or  anything  else  connected  with  a 
cesspool  that  would  show  to  him  its  exact  location.  If  there 
are  no  surface  indications  of  the  location  of  a  cesspool,  he 
should  judge  the  approximate  location,  and  then  with  the  aid 
of  an  iron  bar  sound  the  locality  for  the  stone  cover.  If  the 
cover  is  not  too  far  below  the  surface  of  the  ground,  its  exact 
location  can  be  determined  by  a  hollow  sound  when  the  iron 
bar  strikes  it. 

When  all  other  means  of  locating  a  cesspool  fail,  its  loca- 
tion can  be  determined  by  means  of  a  smoke  test,  provided 
that  the  main  drain  trap  is  not  located  near  the  cesspool. 
The  smoke  test  may  be  applied  to  any  part  of  the  house 
sewer  outside  of  the  main  drain  trap,  and  in  a  few  minutes 
thereafter  smoke  will  be  seen  rising  from  the  earth  above 
the  cesspool. 

30.  L-ocatlnj?  Undergrrouiid  Trap. — Drain  traps  are 
not  always  made  accessible,  and  sometimes  their  exact  loca- 
tion is  unknown.  Usually,  however,  the  approximate  location 
of  underground  traps  can  be  determined  from  the  location 
and  direction  of  the  fresh-air  inlet.  When  the  drainage  sys- 
tem is  not  provided  with  a  fresh-air  inlet,  a  more  difficult 
problem  confronts  the  sanitary  engineer,  who  then  has  no 
visible  signs  to  guide  him  in  his  search. 

If  the  main  drain  trap  is  not  located  inside  of  the  cellar 
wall,  it  would  next  be  assumed  that  it  was  located  in  the 
house  sewer  just  outside  of  the  foundation  wall,  and  a  trench 
should  be  opened  down  to  the  house  sewer  at  this  point.  If 
the  main  drain  trap  is  not  located  there,  it  may  then  be 
assumed  to  be  near  the  cesspool,  which  should  be  located, 
and  by  digging  down  to  the  sewer  on  the  house  Side  of  the 
cesspool,  the  main  drain  trap  will  doubtless  be  found.  Fre- 
quently it  can  be  located  by  running  rods  through  the  drain 
until  they  reach  the  trap. 
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31.  XiOcatln^  Unhealed  Dead  Kiids,  and  Dutntny 
Vents. — In  many  old  buildings,  fixtures  have  been  removed 
and  the  unused  waste  and  vent  pipes  left  in  place.  Some- 
times through  carelessness  or  neglect  the  ends  of  these 
unused  pipes  are  left  open,  or  if  of  lead^  are  only  partly 
dosed  by  beating  the  ends  together,  or  if  of  iron,  by  filling 
the  hubs  with  putty j  cement »  or  wooden  plugs. 

In  new  buildings  soil,  waste,  and  vent  stacks  have  been 
found  extended  only  to  the  topmost  fixtures,  where  they 
were  plugged  and  dummy  vents  extended  through  the  roof 
to  give  the  appearance  that  all  lines  of  soil  and  waste  pipe 
are  vented.  It  is  the  business  of  a  sanitary  eng^ineer  when 
examining  plumbing  systems  to  discover  these  defects  and 
report  them  to  the  owner. 

32 •  Both  unsealed  dead  ends  and  dummy  vents  can  be 
discovered  by  means  of  the  smoke  test.  When  a  smoke  test 
is  applied  to  a  drainage  system,  and  no  smoke  issues  from 
the  vent  stacks  above  the  roof»  it  is  a  very  good  indication 
that  the  vent  stacks  are  not  connected  to  the  system;  in  other 
words,  they  are  v^hat  are  known  to  the  trade  as  fin m my  vents. 
Whether  or  not  a  suspected  vent  pipe  is  a  dummy  can  be 
detected  by  dropping  a  pebble  down  the  vent  pipe  and  noting 
the  sound,  and  also  by  reflecting  sunligl^t  by  means  of  a 
mirror  into  the  vent  pipe  and  noting  where  the  pipe  termi- 
nates* \i  both  of  these  means  fail  to  convince  the  examin- 
ing  engineer,  the  alternative  is  to  tear  off  some  lath  and 
plaster  where  the  pipes  are  concealed  in  the  attic  and  thns 
ascertain  their  exact  condition.  If  concealed  dead  ends  of 
pipe  are  unsealed,  this  condition  will  be  evidenced  by  smoke 
escaping  from  the  unsealed  ends  and  working  into  rooms 
when  the  smoke  test  is  applied. 

33,  licaks  Under  Cellar  Floors. — ^In  old  buildings 
where  tile  house  drains  have  been  installed  in  the  ordinary 
manner  it  is  quite  certain  that  many  of  the  joints  leak;  as 
this  leakage  has  doubtless  been  taking  place  for  many  years ♦ 
it  is  quite  probable  that  the  soil  under  the  entire  cellar  floor 
is  saturated  with  sewage.     The  existence  of  this  state  of 
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affairs  must  be  ascertained,  and  a  remedy  pointed  out,  by 
the  sanitary  engineer.  Usually,  where  the  tile  house  drains 
leak,  that  fact  is  perceptible  to  the  sense  of  smell,  a  musty 
odor  pervading  the  cellar  when  the  windows  are  closed.  If 
doubt  exists,  however,  a  smoke  test  applied  to  the  house 
drain  will  demonstrate  the  existence  and  location  of  such 
leak.  When  it  is  known  that  tile  drains  run  under  cellar 
floors,  they  should  be  condemned  whether  leaks  can  be 
demonstrated  or  not;  for,  while  they  might  apparently  be 
tight  at  that  particular  time  they  may  develop  leaks  at  some 
future  time,  and  sewer  gas  escaping  therefrom  would  vitiate 
the  cellar  air.  Cellar  floors,  unless  made  of  asphalt,  do  not 
offer  a  seal  to  the  passage  of  sewer  gases. 

34.  If  underground  drains  are  laid  with  leaky  joints,  the 
sewage  escaping  therefrom  for  a  considerable  period  of  time 
will  saturate  the  soil  for  many  yards  on  all  sides  of  the  drain. 
This  leakage  is  more  serious  in  its  effect  than  would  at  first 
appear,  for  part  of  the  escaping  sewage  may  be  carried  by 
the  ground  water  to  nearby  wells  or  other  sources  of  water 
supply,  while  the  gases  of  decomposition  arising  from  the 
polluted  soil  might  contaminate  the  air  in  the  vicinity  of  the 
building.  When  the  surface  of  the  ground  above  leaky  drains 
is  frozen,  or  when  paved  with  materials  that  are  impervious 
to  air,  the  gases  of  decomposition  escaping  from  the  leaks 
follow  the  path  of  least  resistance,  which  is  usually  along  the 
pipe  trunk  into  the  cellar  of  the  building.  If  the  leak  is  near 
the  cellar  wall  but  outside  of  it,  the  sewage  frequently  works 
back  under  the  drain  and  flows  into  the  cellar  through  the 
hole  in  the  cellar  wall. 

In  city  streets,  sewer  gas  from  street  sewers,  and  illumi- 
nating gas  from  street  mains,  sometimes  escape,  and,  as  the 
surfaces  of  many  streets  are  paved  with  impervious  materials 
through  which  the  escaping  gases  cannot  pass,  the  gases  fre- 
quently flow  into  the  cellars  of  buildings  through  pipe  open- 
ings in  the  foundation  walls,  where  they  mix  with  and  vitiate 
the  cellar  air.  In  tall  buildings  with  light  shafts  and  air- 
shafts  extending  from  basement  to  roof,  or  with  open  stair 
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and  elevator  shafts,  these  shafts  act  like  chimney  flues,  and 
draw  the  sewer  gas  and  illuminating  gas  into  the  building  io 
large  quantities.  Even  the  ordinary  two-  or  three-story 
buildings  will  draw  gases  in  from  tinder  the  street,  but  in 
such  buildings  the  odors  are  not  so  noticeable  except  during 
winter.  To  remedy  such  cases,  it  is  necessary  to  cement  all 
holes  and  cracks  in  the  cellar  walls  and  floors,  and  if  possi- 
ble to  ventilate  the  cellar.  The  air  in  hedrooms  is  frequently 
vitiated  by  the  introduction  of  air  from  cellars.  The  cellar 
air  passes  through  hollow  partitions,  follows  pipe  lines,  or 
escapes  up  the  stairway  to  the  bedrooms  above.  This  is 
more  likely  to  happen  when  the  air  in  the  cellar  is  vitiated 
by  illuminating  gas,  the  specific  gravity  of  which  is  about 
one-half  of  that  of  the  air.  This  tendency  of  cellar  air  to 
vitiate  the  air  in  a  building  can  be  observed  by  sprinkling  oil 
of  peppermint  in  the  cellar  and  noting  how  quickly  the  odor 
will  be  observed  in  most  of  the  rooms  in  the  building.  Since 
impure  cellar  air  will  vitiate  the  air  of  an  entire  building,  it 
is  the  duty  of  a  sanitary  engineer,  when  making  a  sanitary 
survey  of  a  building,  to  carefully  examine  the  cellar,  giving 
especial  attention  to  the  cellar  walls  and  floors* 


SAMPLE    REPORT 

35,  The  following  sample  report  of  a  sanitary  engineer 
will  serve  to  guide  other  sanitary  engineers  or  master  plumi> 
ers  in  preparing  a  report  to  an  owner: 

Model  City,  Pa.,  December  18,  1905. 
JoHK  H.  Burns,  Esq., 
314  West  St,, 

Model  City.  Pa. 
Dear  5i>,  —  I  hereby  report  that »  at  your  request,  I  have  this  day 
made  a  sanitary  inspection  aad  test  of  the  four-story  brick  reddetice. 
ombtnldings,  and  premises  located  at  No,  314  West  Street,  this  city, 
and  beg  In  state  that  I  found  the  premises  to  be  in  a  sanitary  condi- 
tion, with  the  foHowini^  exceptions,  which  are  accompanied  by  recom' 
mendatirins  for  repairs  and  improvements: 

L  The  garbajje  cans  are  at  present  located  under  the  dining- room 
windows.  They  emit  foul  odors  and  draw  files;  tbay  shoi^ld  ba 
removed  to  rear  of  lot.      These  cati»  should  be  washed  out  and  dis« 
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infected  once  each  week  with  a  solution  of  one  tablespoonful  of  car- 
bolic acid  to  one  pail  of  water. 

2.  The  back  yard  grades  down  to  the  rear  foundation  wall  of  the 
residence,  and  hence  storm  water  enters  the  cellar.  The  ground 
should  be  filled  in  around  the  foundation  walls  and  g^raded  back 
10  feet  from  the  building.  Place  a  4-inch  drain,  and  a  catch  basin 
at  the  lowest  point  to  remove  the  surface  water. 

3.  The  manure  pit  at  th6  stables  is  open,  emits  disagreeable  odors, 
and  draws  flies.  This  pit  should  be  closed  by  an  air-tight  hinged 
cover  in  two  halves,  and  should  be  provided  with  a  galvanized  chute 
to  stable. 

4.  The  stable  is  so  constructed  that  the  horses  have  no  ventilation. 
The  air  cannot  be  changed  except  by  a  window  that,  if  opened,  will 
allow  a  draft  on  the  horses.  A  No.  26  galvanized-iron  flue  measuring 
1  foot  by  2  feet  should  be  run  from  the  ceiling  of  the  stable  up  through 
the  roof,  and  should  be  provided  with  a  damper  and  operating  chain, 
and  a  cowl.  A  corresponding  flue  measuring  2  feet  by  1  foot  should 
be  installed  near  the  feed-chutes,  the  upper  end  terminating  with  a 
register  6  feet  above  the  floor,  the  lower  end  being  continued  to  the 
outer  air.    This  will  properly  ventilate  the  stable. 

5.  There  are  traces  of  backwater  marks  on  the  cellar  walls,  which 
lead  me  to  believe  that  water  from  the  city  sewers  backs  up  into  the  cellar 
during  heavy  rain  storms.  This  belief  is  corroborated  by  your  butler, 
who  states  that  he  saw  water  boiling  up  through  a  grating  in  the 
cellar  floor  during  the  heavy  rainfall  of  June  28th,  and  some  of  the 
other  servants  have  observed  the  same  results  during  other  heavy 
rainfalls.  This  is  due  to  the  city  sewer  in  West  Street  being  unable 
to  remove  the  storm  water  quick  enough  to  prevent  a  back  pressure 
in  your  private  sewer.  As  the  backwater  contains  more  or  less  sewage, 
it  is  positively  dangerous  to  have  it  contaminate  the  cellar.  A  sewer 
check-valve  should  be  applied  at  the  floor  drain;  another  should  be 
applied  to  the  laundry  tubs  in  the  cellar,  and  the  water  closet  in 
the  cellar  should  be  removed  and  the  opening  closed. 

6.  A  vent  pipe  on  top  of  the  building  at  No.  312  West  Street  dis- 
charges foul  air  directly  under  and  within  5  feet  of  the  nursery  window 
on  the  third  floor.  As  this  is  a  menace  to  health  the  owner  of  said 
building^  should  be  notified  of  same,  so  that  he  may  at  his  own  expense 
and  in  accordance  with  the  building  laws  of  this  city,  run  the  said 
vent  pipe  up  against  your  wall  and  terminate  above  your  roof,  or 
otherwise  remove  the  vent. 

7.  The  rain-water  leader  from  the  rear  porch  is  not  trapped; 
during  the  test  smoke  came  out  at  the  roof  and  entered  the  rear  bed- 
room window.  Sewer  gas  can  enter  as  freely  as  the  smoke;  therefore. 
this  leader  should  be  trapped. 

8.  Smoke  entered  the  cellar  freely  through  the  floor  drain.  The 
water  seal  was  evaporated.     This  seal  can  be  assured  and  the  present 
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trap  made  safe  by  running  a  i-iDch  tube  from  the  flush  pipe  of  the 
nearest  water  closet  to  the  Hoor  di'ain  trap. 

9,  Smoke  escaped  into  I  he  siphon  jet  water-closet  bowi  in  the  toilet 
room  on  the  second  floor.  There  is  a  kiln  crack  at  the  top  of  the 
!%iphon  that  cannot  be  seen.  Il^caunot  be  repaired;  therefore,  a  new 
water  closet  should  be  installed  in  its  place. 

10-  The  connection  of  the  basm  waste  to  the  bath  waste  on  the 
third  floor  is  defective,  inasmuch  as  sewer  gas  is  forced  into  the 
room  through  the  bathtub  when  the  basin  is  filled  with  water  and 
emptied  quickly.  To  remedy  this,  it  is  necessary  to  lift  part  of  the 
bathroom  floor,  and  make  a.  new  connection  between  the  basin  waste 
and  the  bath  waste^  which  connection  should  be  in  the  form  of  a  f« 
It  is  also  necessary  to  connect  the  crown  of  the  bath  trap  with  a 
H'itich  back- vent  pipe  to  the  back- vent  pipe  from  the  basin.  This 
will  entail  cutting  into  the  partition  back  of  the  wash  basin. 

IL  The  water  pressure  on  the  premises  varies  from  60  pounds 
during  the  day  to  125  pounds  per  square  inch  during  the  night,  and 
as  the  ball  cock#J  of  the  closet  tanks  make  disagreeable  singing  noises 
during  the  night  I  recommend  that  a  "Jones  improved**  pressure 
regulator  be  applied  on  the  service  pipe  and  set  to  reduce  the  pressure 
to  40  pounds  in  the  cellar,  a  safety  valve  being  placed  on  the  hot*water 
pipe  over  the  boiler  and  set  to  blow  off  into  the  sink  at  a  pressure  of 
60  pounds  per  square  inch. 

12.  There  are  seven  leaks  iu  the  drainage  and  vent  pipes,  as  fol- 
lows: One  at  the  floor  joint  of  the  water  closet  on  the  third  floor — to 
remedy  this  the  closet  will  have  to  be  reset;  four  at  the  calked  joints 
where  marked  with  white  chalk  in  basement — these  should  be  calked 
rigid;  one  under  the  roof  fiange  of  the  *?-inch  v^nt  stack  — Co  repair 
this  remove  the  flange,  recalk  the  joint,  and  then  replace  roof  flange; 
one  in  the  kitchen-sink  iron  waste  pipe,  where  a  hole  has  been  cut  to 
remove  stoppage  in  the  pipe  and  has  been  covered  over  with  putty — 
to  remedy  this,  cut  out  the  piece  and  insert  a  clean-out  fitting  with 
screw  cap. 

The  cost  of  making  the  above  enumerated  repairs  and  improve- 
ments is  approximately  Three  Hundred  and  Seventy  Dollars  (Si370)i 
inclusive  of  all  trades.  Respectfully  submitted, 

John  Smith,  Sanitary  Engineer. 

The  preceding  report  is  a  simple  one  for  a  building  where 
but  little  work  is  required  to  ptit  it  in  a  sanitary  condition. 
In  such  a  case  it  is  usually  advisable  to  give  the  work  to  a 
reputable  plumber  on  a  time-and-material  basis.  But,  in 
cases  where  the  changes  and  improvements  are  numerous 
and  extensive,  the  cost  will  be  siiflSciently  high  to  justify  the 
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engineer  in  making^  plans  and  specifications  and  in  obtaining 
bids  from  plumbing  contractors,  should  the  owner  decide  to 
remodel  the  work  in  accordance  with  the  engineefr*s  report. 

36.  When  the  engineer  sees  that  the  building  cannot  be 
made  thoroughly  sanitary  without  a  complete  overhauling  of 
the  plumbing  system,  he  should  try  to  have  the  owner  wit- 
ness the  test  and  see  for  himself  how  the  sewer  gas  can 
permeate  the  building.  Then  the  report  should  be  sub- 
mitted, enumerating  the  defects  in  a  general  way  and  ending 
.with  a  recommendation  regarding  the  improvements.  In 
the  recommendation  the  approximate  cost  should  be  stated, 
and  it  may  be  suggested  that  plans  and  specifications  be 
made  and  bids  solicited.  An  arrangement  should  be  made 
whereby  the  sanitary  engineer  will  be  employed  to  prepare 
the  plans  and  specifications,  receive  bids  and  close  the  con- 
tract, superintend  the  overhauling,  test  the  work  when 
finished,  and  finally  accept  the  job  and  turn  it  over  to  the 
owner.  The  sanitary  engineer  in  this  respect  is  the  duly 
authorized  agent  of  the  owner,  and  must  be  respected  as  such. 

37.  Should  a  master  plumber  be  called  in  by  an  owner 
to  make  a  sanitary  inspection  and  test,  he  may  perform  his 
duties  along  the  lines  of  the  sanitary  engineer.  Indeed,  he 
then  becomes  the  sanitary  engineer  and  must  attend  to  the 
interests  of  the  owner,  who  has  thus  placed  confidence  in  his 
ability  and  integrity  to  intelligently  determine  and  honestly 
report  the  exact  condition  of  the  premises  from  a  sanitary 
point  of  view. 

The  master  plumber  can  make  arrangements  with  the 
owner  to  prepare  plans  and  specifications  and  the  owner  may 
use  them  for  obtaining  competitive  bids  for  the  work,  but 
the  master  plumber  who  furnishes  the  plans  and  specifica- 
tions should  be  remunerated  for  same,  whether  he  is  awarded 
the  contract  or  not.  Should  the  contract  be  awarded  to 
another  bidder,  then  the  master  plumber  who  has  prepared 
the  plans  and  specifications  may  be  asked  to  inspect  the 
work  on  completion  to  see  if  it  is  installed  according  to  his 
plans  and  specifications,  and  should  witness  the  final  test. 
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If  the  building:  is  located  within  the  jurisdiction  of  a  city 
plumbing:  inspector,  the  owner  may  relieve  the  master 
plumber  who  prepared  the  plans  from  inspecting:  and  testing: 
the  work,  as  the  city  plumbing  inspector  is  expected  to 
attend  to  this.  Should,  however,  the  services  of  the  master 
plumber  who  prepared  the  plans  be  retained  to  inspect  and 
to  test  the  premises  upon  completion  of  the  work,  he  must  be 
very  careful  to  make  a  just  and  honorable  inspection  and 
test.  He  must  realize  that,  as  far  as  this  particular  job  is 
concerned,  he  is  not  a  contractor,  but  is  a  sanitary  eng:ineer 
who  has  assumed  the  responsibility  of  desig:ning:  a  plumbing 
system  and  superintending  its  construction  to  a  finish,  and  is 
being  paid  for  his  learning  and  ability  along  this  line. 
Many  plumbing  contractors  are  entrusted  with  this  class  of 
work.  For  instance,  a  city  gentleman  is  building  a  country 
house  a  long  distance  from  his  city  home.  He  has  confi- 
dence in  the  ability  of  the  plumbers  who  do  business  in  the 
village  near  his  country  estate  to  erect  a  good  plumbing  sys- 
tem according  to  plans  and  specifications,  but  he  cannot 
depend  on  their  ability  to  design  the  right  kind  of  a  system. 
He,  therefore,  employs  his  city  plumber  to  make  plans  and 
specifications  for  the  plumbing  and  drainage  work,  and  inci- 
dentally asks  him  to  present  a  bid  for  the  work.  Usually 
the  bid  of  the  city  plumber  is  very  much  higher  than  the  bid 
of  the  local  plumber,  and  the  latter  is  awarded  the  con- 
tract, while  the  city  -plumber  is  asked  to  inspect  and  to  test 
the  work  on  completion,  and  receives  pay  for  this. 


PLUMBING  PLANS  AND 
SPECIFICATIONS 


PLANS  AND  ESTIMATES 


PLANS 


PREPARATIOM    OF    PLANS 

1,  Building  plans  on  which  are  marked  the  work  to  be 
performed  by  the  plumbing  contractor  are  called  plumbtni^ 
plans;  to  an  estimator  they  are  provided  to  g^uide  him  in 
computing  the  cost  of  installing  the  plumbing  system. 
When  plans  are  properly  drawn,  the  estimator  can  readily 
distinguish  and  count  the  fixtures  and  other  apparatus  to  be 
installed.  Also,  by  measuring  the  piping  drawn  or  indicated 
on  the  plans,  he  can  arrive  at  a  close  approximation  of  the 
amount  of  pipe  of  various  sizes  and  the  number  and  kind  of 
fittings  that  will  be  required.  After  the  contract  is  awarded, 
the  plans  serve  as  a  guide  to  the  contractor  when  installing 
the  work  and  insure  a  better  job  than  would  likely  be  the 
case  if  the  layout  of  the  system  were  left  entirely  to  the  con- 
tractor. In  addition  to  serving  as  a  guide  for  the  estimator 
and  contractor,  the  plans  form  part  of  the  plumbing  contract 
and,  as  such,  should  clearly  show,  or  indicate,  the  entire 
system  of  plumbing  within  the  building-  for,  in  case  of  a 
dispute  as  to  the  amount  of  work  to  be  performed,  the 
deciding  factor  will  undoubtedly  be  the  plans;  because,  while 
the  specifications  and  plans  are  generally  construed  together, 


2        PLUMBING  PLANS  AND  SPECIFICATIONS   §54 

the  specifications  only  describe  the  quality  of  the  goods  to  be 
used  while  the  plans  show  the  quantity,  extent,  and  layout  of 
the  work. 

2.  Plumbing:  plans  are  generally  prepared,  either  directly 
or  indirectly,  by  the  architect.  In  large  cities,  a  sanitary 
engineer  employed  by  the  architect  usually  prepares  the 
plumbing  plans  and  specifications  and  superintends  the 
installation.  Some  architects,  however,  instead  6i  employ- 
ing a  sanitary  engineer,  retain  a  consulting  sanitary  engineer 
to  prepare  the  plans  and  specifications  for  plumbing  installa- 
tion, which  requires  special  knowledge  of  sanitation.  Either 
method  will  insure  the  owner  a  perfectly  sanitary  job,  well 
and  economically  laid  out,  and  will  secure  the  competition  of 
reliable  plumbing  contractors,  who,  while  possessing  the 
capital,  might  not  have  the  requisite  ability  to  properly 
design  a  large  plumbing  installation  and  write  the  specifica- 
tions. Architects  in  smaller  cities,  and  some  architects  in 
large  cities,  do  not  employ  or  retain  a  sanitary  engineer  but 
depend  on  what  suggestions  they  can  get  from  contracting 
phimbers  to  help  them  lay  out  the  plumbing  work.  Such  a 
course  of  procedure  is  unsatisfactory  for  many  reasons.  It 
places  the  architect  under  an  indebtedness  to  the  contractor, 
who,  unless  paid  for  his  services,  will  expect  a  preference  in 
the  bidding.  It  is  unfair  to  the  owner  who  thus  indirectly 
pays  more  for  unprofessional  services  than  would  be  required 
to  fee  a  sanitary  engineer,  without  the  assurance  of  an 
equally  good  job.  To  the  contracting  plumber  this  method 
is  unsatisfactory,  because  he  risks  his  standing  as  a  con- 
tractor when  he  undertakes  the  duties  of  an  engineer  and 
fails;  for,  no  matter  how  honest  and  sincere  he  may  be,  he 
might  not  possess  sufficient  technical  knowledge  to  design 
a  plumbing  system  satisfactorily. 

SAMPLK     PLANS 

3.  In  Figs.  1  to  5  are  reproduced,  to  a  small  scale, 
the  plumbing  plans  for  a  lar^e  detached  residence.  Fig.  1 
shows,  in  plan,  the  basement  of  the  house  and  the  general 
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arrangement  of  drain  pipes  and  basement  fixtures.  There  are 
twenty  plumbing  fixtures  in  this  building:,  and  under  ordinary 
conditionSt  a  4*inch  main  house  drain  would  be  sufficiently 
large  to  take  care  of  the  sewage  properly.  However,  in 
addition  to  sewage,  this  drain  must  take  care  of  rain  water 
from  the  roof,  i»o  that  up  to  the  point  where  the  first  two 
principal  branches  are  taken  off,  the  house  drain  is  made 
5  inches  in  diameter. 


4*     On  the  first-floor  plan,  Fig.  2,  are  she 


lown  ine  nsmg 
lines  of  soil.  %vaste,  and  vent  pipes  inin  in  partitions.  The 
stacks  are  indicated  by  small  circles,  and  their  sizes  are 
printed  alongside.  For  convenience  in  reference,  the  stacks 
are  lettered  consecutively  from  A  to  E.  Stack  A  is  a  2- inch 
waste  pipe  from  the  kitchen  sink;  from  this  stack »  above 
the  level  of  the  sink,  a  vent  pipe  is  extended  to  the  cellar  to 
back-vent  the  laundry  tubs,  anci  a  branch  from  this  vent  is 
connected  to  the  kitchen-sink  trap*  Stack  S  takes  the  dis- 
charge from  fixtures  on  three  floors:  the  servants*  water 
closet  and  drip  sink  in  the  basement,  the  butler*s  sink  on 
the  first  floor,  and  the  servants'  bathroom  on  the  third  floor. 
A  vent  stack  accompanies  this  soil  stack  and  is  connected  to 
it  above  the  highest  fixture  in  the  bathroom  and  below  the 
branch  vent  to  the  servants'  closet  in  basement.  This  vent 
stack  serves  as  a  back- vent  for  the  several  fixtures  on  the 
three  floors.  Stack  C  is  from  the  bathroom  over  the  kitchen 
and  the  slop  sink  in  the  adjoining  room  on  the  second  floor; 
as  it  takes  the  discharge  from  a  water  closet,  this  soil  stack 
i%  made  4  inches  in  diameter.  Stack  D  takes  the  discharge 
from  a  water  closet  and  lavatory  located  under  the  stairway 
on  the  first  floor.  As  this  stack  receives  the  discharge  from 
a  water  closet  it,  likewise,  is  made  4  inches  in  diameter. 
Stack  vT  is  4  inches  in  diameter.  It  takes  the  discharge 
from  the  bathroom  over  the  dining  room  and  from  a  lavatory 
in  the  adjoining  chamber. 

5,  The  second-floor  plan  is  shown  in  Fig*  3.  In  this 
plan  are  shown  continuations  of  the  soil,  waste,  and  vent 
stacks,  and  the  general  arrangement  of  the  fixtures  in  the 
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bathroom;    there  is   also   indicated  the  layout  of   the  soil, 
waste,  and  vent  pipes  to  the  different  fixtures. 

6.  The  third-floor  plan  is  shown  in  Fig.  4.  On  this  plan 
are  indicated  the  various  vent  stacks,  the  arrangement  of 
fixtures  in  the  servants'  bathroom,  and  the  layout  of  soil, 
waste,  and  vent  pipes  for  the  fixtures. 

7.  A  sectional  elevation  of  the  building,  showing  the 
plumbing  system,  is  given  in  Fig.  5.  The  house  drain,  soil, 
and  waste  stacks,  also  the  soil  and  waste  pipes,  are  indicated 
by  heavy  solid  lines,  while  the  vent  stacks  and  branch  vent 
pipes,  are  indicated  by  dotted  lines. 


ESTIMATES 


PRINCIPLES    OF    ESTIMATING 

8,  Introduction. — The  art  of  estimating  is  very  impor- 
tant both  to  the  architect  and  to  the  contractor — to  the  latter, 
in  that  he  must  employ  some  systematic  method  of  estima- 
ting in  order  to  carry  on  his  business  successfully;  and  to 
the  former  for  the  reason  that  he  should  at  all  times  be  able 
to  estimate  the  cost  of  work  that  he  designs.  The  science — 
for  such  it  is — of  fixing  a  price  on  a  piece  of  work  must  be 
based  on  an  extended  experience.  With  a  little  practice  any 
one  can  learn  to  take  off  the  quantities  of  materials  and 
obtain  their  net  cost,  but  only  a  person  of  large  and  varied 
knowledge  of  the  business  can  accurately  estimate  the  time 
and  labor  required  to  complete  the  work. 

9.  There  are  no  standard  or  definite  rules  on  estimating 
that  hold  good  everywhere,  for  the  plumbers  of  each  locality 
have  their  own  ideas  and  customs  in  regard  to  the  subject; 
this  fact,  together  with  the  difference  in  cost  of  labor  in 
various  parts  of  the  country  and  the  fluctuations  in  the  market 
prices  of  materials,  requires,  as  before  remarked,  that  the 
clever  estimator  shall  be  a  man  of  long  and  varied  experience 
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in  the  business.  There  are,  however,  certain  practical  sug- 
gestions that  will  materially  assist  in  taking  off  quantities, 
and  in  valuing  the  labor  required  for  any  plumbing  contract. 
These  will  be  given  farther  on. 

10,     The  prime  considerations  in  making  an  estimate  are 

time  and  accuracy;  to  these  ends  the  estimator  must  system- 
atize his  efforts  and  endeavor  to  do  a  maximum  amount  of 
work  in  a  minimum  amount  of  time,  but  not  at  the  expense 
of  accuracy,  which  is  the  most  important  factor,  and  which  is 
insured  only  when  the  figures  are  carefully  checked.  The 
estimator  should,  therefore,  while  avoiding  too  great  refine- 
ments in  calculation,  aim  at  correctness  rather  than  speed  in 
doing  work*  Very  frequently  do  the  effects  of  haste  and 
inaccuracy  in  estimating  the  cost  of  work  become  evident 
when  it  is  too  late  to  remedy  the  errors^  which  result  some- 
times in  the  financial  ruin  of  the  contractors  who  trust  too 
implicitly  in  the  estimator's  figures. 

A  record  should  be  kept  of  all  estimates  made,  as  this  kind 
of  information  is  most  valuable,  and  establishes  a  precedent 
on  which  to  base  subsequent  estimates,  as  well  as  a  check  on 
the  work  at  hand. 

11*  Schedule. — The  drawings  and  specifications  for  an 
installation  are  the  guides  that  an  estimator  must  follow  in 
making  his  computations.  All  measurements  necessary 
for  calculating  the  quantity  of  the  materials  required  are 
obtained  from  the  drawings;  and  all  information  in  regard 
to  the  character  of  the  workmanship  and  quality  of  materials 
to  be  used  is  furnished  by  the  specifications* 

In  compiling  a  schedule*  there  are  three  stages  to  the 
operationi  (1)  Taking  the  dimensions  for  each  material; 
(2)  computing  and  collecting  the  quantities;  (3)  estimating 
the  cost.  In  carrying  out  the  first  of  these  steps »  each  sub- 
division should  be  considered  in  the  order  in  which  it  will  be 
executed. 

The  third  step — estimating  the  cost — may  be  subdivided 
into  cost  of  labor  and  cost  of  material  The  latter  can  be 
definitely  fixed  by  an  examination  of   lists  giving  current 
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prices  of  materials,  while  the  former  must  be  based  on  a 
fixed  rate  of  wages  per  day  for  the  various  classes  of 
workmen. 

12.  In  estimating  the  cost  of  plumbing  work,  the  possi- 
bility of  overlooking  important  items  can  be  reduced  to  a 
minimum  by  providing  a  schedule  of  materials  such  as  might 
be  used  in  the  installation  of  all  classes  of  plumbing  work, 
and  using  that  schedule  to  check  the  list  of  materials  taken 
from  a  plan.  A  convenient  form  of  schedule  or  blank  for 
estimating  is  given  on  the  opposite  page. 

13.  Taklng:-Off  Quantities.  —  Plumbing  work  and 
materials  may  be  estimated  as  outlined  in  the  following 
paragraphs: 

Measure  all  horizontal  pipes  from  the  plans  and  vertical 
pipes  from  the  sectional  elevations. 

Commence  at  the  sewer  outlet,  and  measure  the  main 
sewer  line  forwards  to  the  building,  and  then  measure  the 
horizontal  branches. 

Measure  the  vertical  soil,  waste,  and  vent  stacks  to  their 
terminations  above  the  roof,  and  the  waste-pipe  branches  to 
the  fixtures  on  the  several  floors. 

Itemize  the  several  pipes  in  the  different  kinds  and  classes. 

Estimate  all  earthen  pipe  by  the  lineal  foot  and  allow  for 
Portland  cement  in  the  joints. 

Estimate  all  trenching  by  the  lineal  foot,  allowing  for  the 
depth  of  the  trench,  nature  of  the  soil  or  rock  to  be  cut 
through,  and  interference  from  water  or  other  causes. 

Estimate  all  digging  for  sewage  disposal  beds  by  the 
cubic  yard. 

Estimate  all  cast-iron  pipe  by  the  lineal  foot,  allowing 
for  each  joint  ?  pound  of  lead  for  each  inch  in  diameter 
of  the  pipe. 

Estimate  wrought-iron  pipe  by  the  lineal  foot,  inclusive 
of  couplings. 

Estimate  brass,  copper,  and  lead  pipe  by  the  pound. 

Estimate  all  traps,  bends,  branches,  increasers,  reducers, 
and   other    fittings    separately,    except   such   special    brass 
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Bstimate  No.  — 
For- 


-  Location 


Architocts 


Date- 


Estimated 
Cost 


Actual 
Cost 


'  ^*i*>^?-^ 

Bathtub  trimmings 

Lavatories 

Lavatory  trimmings 
Closets 


Closet  trimmings 
.  Urinals 


Urinal  trimmings 

Sinks 

Sink  trim  mings 

Laondry tubs 

Range  boiler 


Boiler  fittings 


1  Soil  pipe 

'  Soil-pipe  fittings 


Sewer  pipe  

_  Sewer-pipe  fittings 

Wrought-iron  pipe  (galvanized) 


Malleable-iron  fittings  (beaded  and  galvanized) 
'  Lead  pipe 


1        I: 


Lead  goods— ferrules,  sheet  lead.  etc.  

Pig  Lead 

i  Oakum  and  putty 

Solder 

Brass  goods  bolder  nipples,  clean-outs) 
Valves 


Stopand  waste  and  stop-cocks 

Bibbs 

Nickel  plated  bibbs  

Rubber  goods 

Labor 

Board 

Fan 

Freight  and  cartaifo 

'  Incidentals 

Jnspectjon 

,  Extras 


I 


Net  cost 

Profit 

Estimate 


I 
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fixtures,  traps,  and  connections  as  are  included  in  the  cost 
of  the  fixtures.  Do  not  figure  lead  bends  that  are  smaller 
than  2  inches  in  diameter. 

Estimate  on  brass-ferrule  connections  at  all  points  where 
lead  pipe  joins  cast-iron  pipe. 

Estimate  on  all  solder  joints  (wiped),  allowing  1  pound 
of  solder  for  every  inch  inside  diameter  of  the  pipe. 

For  street  supply,  allow  for  permits,  corporation  tapping, 
and  curb  box. 

Measure  the  service  pipe  from  street  main  to  cellar  and 
allow  for  a  stop-and-waste  cock  inside  the  cellar  wall. 

Measure  all  branches  for  the  several  fixtures  on  the  differ- 
ent floors,  to  the  lawn  hydrants,  etc. 

Itemize  separately  all  stop-cocks,  pipe  tacks,  straps, 
hangers,  etc.  . 

Estimate,  by  the  pound,  all  water-pipe  fittings  less  than 
Ij  inches  in  diameter. 

Estimate  on  a  kitchen  boiler,  sediment  cock,  and  range 
connections;  and  also  faucets  for  all  fixtures  other  than 
those  that  are  included  in  the  costs  of  the  fixtures. 

Estimate  on  garden  hydrants  and  lawn  sprinklers,  and 
allow  a  stop-and-waste  cock  in  the  cellar  for  each. 

Measure  lead  tank  linings,  in  square  feet,  and  estimate  by 
the  pound,  allowing  1  pound  of  solder  for  every  2  feet  of 
seams. 

Allow  2  feet  of  lead  pipe  to  connect  iron  pipe  to  the  house 
tank,  and  for  stop-cocks  close  to  tank.  Provide  for  telltale 
and  overflow  pipes  for  the  tank.  Estimate  copper  lining  for 
tanks  in  square  feet  and  by  the  pound,  allowing  1  pound  for 
each  square  foot. 

If  there  are  iron,  slate,  glass,  or  cedar  tanks,  figure  them 
separately. 

Estimate  each  fixture  separately,  and  include  traps, 
faucets,  waste,  vent,  and  water  connections  to  walls  or  floors. 
When  the  sewer  is  long  and  has  but  little  fall,  figure  on 
using  a  grease  trap  for  the  kitchen  sink.  Estimate  the 
labor  by  allowing  for  each  item  of  work  a  sufficient  length  of 
time  for  an  ordinary  workman  to  perform  the  work.     This 
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can  best  be  done  by  estimating  separately  the  labor  for 
the  drainagfe  system,  water-supply  system,  and  setting  of 
fixtures* 


FROPOSAL^ 

1 14,  When  the  total  net  cost  of  a  proposed  installation 
IS  been  ascertained,  the  profit  iii  added  and  the  price  for 
which  the  contractor  is  willing  to  do  the  work  thus 
determined.  A  formal  proposal  to  do  the  work  for  that 
amount  should  be  submitted  to  the  owner  or  architect.  If 
the  terms  of  payment  and  general  conditions  to  be  observed 
are  slated  in  the  specifications  the  proposal*  known  also  as 
the  bid,  may  be  worded  something  Hke  the  following: 

New  York  City,  September  1%,  19(H. 
To  George  B.  Hill, 
\WZ  Columbus  Avenue, 

New  York  City. 
Dear  Sir:— We  propose  to  furnish  all  raaterials  and  perform  all 
labfir,  according  to  the  plans  and  specifications  dated  Aujijust  IS,  IIMM, 
£ortbe  plumbing  in  ilm  residence  you  are  about  to  erect  at  231  Jefferson 
Street,  this  city;  for  the  sum  of  three  thousand,  two  hundred  and 
Rfty<six  dollars  ($3,256).     This  offer  is  for  immediate  acceptance  only, 

Respeciiuliy  submitted, 

Grove  &  Sons. 

When  the  conditions  in  the  specifications  are  not  full  and 
complete,  or  for  other  reasons  are  not  satisfactory  to  the 
contractor,  and  he  desires  to  enter  into  a  forma!  contract 
with  the  owner  he  should  insert  in  his  proposal  a  clause 
something  like  the  following:  **In  case  of  acceptance  of  this 
proposal*  a  formal  contract  to  be  entered  into.**  An  accept- 
ance of  the  proposal  then  is  not  binding  on  the  proposer 
until  a  formal  contract  is  sij^ned. 

15*  A  complete  record  should  be  kept  of  every  estimate 
submitted,  and  the  proposal  should  be  followed  up  by  ihe 
estimator  until  the  contract  is  finally  awarded.  The  record 
should  state  the  amount  of  the  proposal,  to  whom  submitted, 
and  the  date.  It  should  state  the  date,  hour,  and  place  of  the 
award,  and  if  the  award  is  not  made  at  the  time  and  place 
agreed   on,   the    date  and  place  to  which  it   is    postponed 
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should  be  recorded.  Finally,  when  the  contract  is  let,  the 
name  of  the  party  to  whom  it  is  awarded,  the  amount  of  the 
winning  bid,  together  with  a  record  of  all  competing  propo- 
sals should  be  entered.  A  convenient  place  to  make  or  keep 
such  a  record  is  on  the  back  of  the  detailed  estimate  and  the 
entries  may  be  made  similar  to  the  following: 


For 

Record  of  Estimate 
Submitted  to 

Date 

Contract  to  be  aw 

arded 
to 

Award    postponed 

timators 



' 

Name  of  Es 

Amount  of  Estimates 

Grove  &  Sons 

3.256 
3.420 
3.210 
2,866 

Awarded  contract 

Smith  &  Roos 

Griffeth  &  Co 

Hewison  Bros 

Lowest  bidders 

Remarks: 

SPECIFICATIONS 


SPECIFICATIONS  ¥0\l   KKSIDKNCE  PliUMBING 


PURPOSE    AND    REQUIREMENTS 

Ifi.     Plumbing  specificntioiis  are  written  descriptions 

of  materials  to  he  supplied  and  work  to  be  performed  in 
installin<^  a  plnmbini^  system.  In  the  preparation  of  plumb- 
ing: plnns,  the  i^eneral  layout  of  the  system,  and  the  location 
and  character  of  fixtures  and  apparatus  can  only  be  indicated; 
hence,  to  clearly  define  the  grade  and  finish  of  goods,  and 
describe  details  that  are  not  shown  or  indicated  on  the  plans, 
requires  a  written  description  embodying  all  necessary  infor- 
mation.    To  serve  the  purpose  for  which  they  are  intended, 
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specifications  must  be  full  and  complete  in  all  details,  leaving 
nothing  to  be  assumed  that  can  and  should  be  described  or 
explained.  Each  and  every  clause  in  plumbing  specifications 
should  be  so  clearly  worded  that  a  person  having  a  reason- 
able knowledge  of  plumbing  can  construe  it  in  only  one  way. 
Ambiguity  in  specifications  of  any  kind  is  to  be  avoided,  as 
it  leads  to  misunderstandings  and  consequent  delays  and 
often  lawsuits. 

A  careful  study  and  critical  examination  of  the  plans 
and  specifications  here  presented  is  advised.  These  plans 
and  specifications  have  been  selected  because  they  have 
been  actually  used,  and  the  work  done  according  to  them 
is  in  successful  operation. 


SPECIFICATIONS 

17.  In  the  following  specifications  are  described,  in 
detail,  the  various  conditions  to  be  observed,  the  class  of 
fixtures  to  be  installed,  and  the  extent  of  work  to  be  per- 
formed, when  installing  the  plumbing  indicated  on  the  plans 
represented  by  Figs.  1  to  5. 

SpecIflcatloiiH  of  materials  and  workmanship  relative  to  the 
plumbing  for  a  residence  j)roposed  to  be  erected  on  Clay  Avenue  near 
Gibson  Street.  Flatbush,  Pa.,  for  J.  R.  Retsof,  Esq.,  of  said  city,  in 
accordance  with  drawin.sjs  and  specifications  prepared  for  the  same  by 
John  Scott,  architect,  and  Jos.  Hawley,  sanitary  engineer.  Flatbush, 
Pa..  June:W,  IIXM. 

GENERAL 

Duties  of  Contraetop.— The  contractor  will  be  required  to 
give  his  personal  superintendence  to  the  work,  furnish  all  materials 
and  transportation  of  same,  and  all  implements  and  appliances  neces- 
sary to  duly  complete  the  work  specified  and  in  accordance  with  a 
fair  and  reasonable  interpretation  of  the  drawings  and  specifications 
combined.  He  shall  procure  and  pay  for  all  permits  and  licenses 
required  for  the  fulfilment  of  his  contract,  in  accordance  with  the 
laws,  rules,  regulations,  and  ordinances  of  the  city  of  Flatbush,  and 
he  shall  perform  all  his  operations  so  as  to  conform  to  the  existing 
plumbing  rules  and  regulations. 

Supervision. — The  work  will  be  under  the  general  supervision 
of  the  architect  and  sanitary  engineer,  whose  decision  as  to  the  true 
meaning  and  intent  of  the  drawings  and  specifications  will  be  final 
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and  conclusive.  The  architect  or  his  engineer  will  have  the  power  to 
inspect  the  work  at  any  time  and  reject  any  materials  or  work 
unsuitable  or  not  in  accordance  with  the  drawings  and  specifications, 
and  to  cause  their  removal  from  the  premises  without  delay  at  the 
expense  of  the  contractor  should  he  refuse  to  remove  the  same 
immediately. 

Drawini^s. — The  plumbing  drawings  consist  of  the  following 
sheets:*  No.  1,  plan  of  the  plumbing  in  the  cellar  and  underground 
drainage;  No.  2,  plan  of  the  plumbing  on  the  first  floor;  No.  3,  plan 
of  plumbing  on  second  floor;  No.  4,  plan  of  plumbing  on  third  floor; 
No.  5,  elevation  of  the  plumbing  system.  All  necessary  general  and 
detailed  drawings  will  be  furnished  and  the  work  must  be  done  in 
strict  accordance  therewith. 

Gas  Supply,  Water  Supply,  Dralnapre  DIsiK>8al.— The 
gas  supply  will  be  taken  from  a  4-inch  gas  main  in  Clay  Avenue. 
The  water  supply  will  be  taken  from  a  4-inch  water  main  also  in 
Clay  Avenue.  The  drainage  will  discharge  into  a  12-inch  sewer  on 
Costello  Court. 

PLUMBING    FIXTURES 

Servants'  Closet.— Furnish  and  fit  up  complete  where  shown 
in  the  basement  one  plain,  substantial,  siphon-jet  closet  with  strong 
oak  seat  hinged  to  the  bowl,  and  strong,  durable,  overhead  tank 
lined  with  16-ounce  copper  and  fitted  with  strong  approved  high- 
pressure  ball-cock;  flush  pipe  is  to  be  of  nickel-plated  brass,  at  least 
,'rt  inch  thick;  or,  furnish  the  closet  with  a  Kenney  flushoraeter  valve 
as  directed,  the  supply  pipe  to  be  of  galvanized  iron. 

Safe-Waste  Sink.  — Furnish  and  fit  up  complete  where  shown 
in  the  cellar  one  20^'  X  14''  X  6''  plain  cast-iron  safe-waste  sink  sup- 
ported on  cast-iron  legs  and  wasted  through  a  IJ-inch  cast-iron  trap 
and  pipe  to  the  floor.  Back-vent  this  trap  with  galvanized-iron  pipe. 
Supply  water  to  this  sink  through  a  i-inch  finished  brass  compression 
and  hose  bib  with  stuffingbox. 

Laundry  Tubs. — Furnish  and  fit  up  complete  where  shown  in 
basement  one  set  of  three  Mott*s  Colonial  wash  tubs  of  best  quality 
solid  earthenware  glazed  natural  yellow,  free  from  cracks  and  flaws  of 
any  description,  Plate  908  R.  Tubs  are  to  be  fitted  with  a  suitable 
stronjj^  ash  frame  and  attachments  are  to  be  provided  for  a  wringer; 
the  tub  cocks  are  to  be  over  the  tubs.  Waste  these  tubs  through 
a  2-inch  brass  waste  pipe  and  trap  into  the  base  of  a  2-inch  vent  line, 
and  supply  the  tubs  with  hot  and  cold  water  through  J-inch  galvan- 
ized-iron pipes  and  nickel-plated  flanged  Fuller  cocks;  the  standards 
for  the  tubs  are  to  be  stronj2:,  heavy  bronzed  cast  iron,  and  the  tubs 
are  to  be  rigidly  attached  to  the  walls. 

*  The  drawings  referred  to  as  No.  1.  No.  2.  etc  are  represented  by  Figs.  1,  2.  etc. 
respectively. 
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Butler's  Pantry  Sink,— Ftjrnbh  and  fit  ap  where  shown  in 
butler*s  paiilry  one  strong  copper- lined  tinned  square  pattern  but- 
ler's  paiitry  sink,  whh  rounded  corners  and  flat  bottom,  with  sub- 
stantial wooden  casing »  the  copper  to  be  at  least  iB  ounce.  Waste 
this  sink  througlv  a  l^-inch  nickel-plated  brass  trap,  properly  back- 
vented.  Supply  the  sink  with  hot  and  cold  water  through  a  suitable 
nickel 'plated  brass  double  pantry  cock,  the  sink  to  be  provided  with 
a  rtjbher  plug  and  a  strong  nickel-plated  brass  chain* 

The  drain  board  and  woodwork  around  the  sink  to  a  height  of 
12  incbes  is  to  be  neatly  covered  with  pure  block  tin  i^  inch  thick,  and 
neatly  worked  m  place  so  that  the  trails  will  not  be  visible.  This 
block-tin  work  must  be  done  very  neatly;  it  must  hug  the  wood  snugly 
and  be  smooth  and  perfect  when  completed. 

Kltetien  SI uk.— Furnish  and  fit  up  where  shown  in  kitchen, 
one  Mott's  Colonial  solid -porcelain  sink*  ^J  inches  by  23  inches, 
Plate  &11  R*  with  natural  buff  glaze.  Support  the  sink  on  a  strong 
iron  frame  rigidly  secured  to  the  wall  at  the  back  and  resting  on  two 
neat  bronzed  iron  legs  in  front,  and  provide  a  back  18  inches  high 
and  patent  ash  drain  boards  hinged  with  telescope  leg.  Waste 
this  sink  through  a  2'inch  approved  cast-iron  porcelain-lined  grease 
trap  and  2'inLh  waste  pipe.  Back-vent  the  trap  with  IJ-incli  pipe. 
Supply  the  sink  with  hot  and  cold  water  through  f-inch  pipe  and 
f-inch  nickel -plated  Puller  cocks,  the  cold-water  cock  being  threaded 
(or  hose, 

Keceptloii  IlalL — Furnish  and  fit  tip  in  the  reception  hall  one 
first-class  quality  approved  Hajoca  plain  vitreous  china  siphon-jet 
water  closet,  with  a  properly  countersunk  seat  strongly  made  of 
selected  solid  mohogany  and  hinged  to  the  bowl.  Flush  this  closet 
with  a  nickel-plated  Kenney  flushometer  or  with  best-quality  raahog- 
aoy^frtiish  copper-lined  low-down  tank  combination  as  directed. 

Wasb  BasIn^^Purnish  and  fit  up  where  shown  in  the  reception 
hall  one  Regal  porcelain  corner  lavatory  as  shown  in  Plate  151  L, 
Hai neSt  Jo nes,  &  Cadbury  Co ,  *s  catalog.  The  lavatory  is  to  be  of  the  best- 
quality  vitreous  china^  Class  A.  and  20  inches  on  the  side.  Secure  the 
slab  rigidly  to  the  wall  with  suitable  supports.  Do  not  use  the  center 
leg,  Waste  the  basin  through  a  l|-inch  nickel-plated  brass  trap  and 
waste  pipe  to  the  wail,  Supply  the  basin  through  i-inch  nickel-plated 
brass  supply  pipes  for  hot  and  cold  water.  Use  Hajoca  basin  cocks 
with  **Hot**  and  "Cold"  china  name  plates. 

Second -Floor  Toilets.  ^Furnish  and  fit  up  where  shown  two 
Hajoca  siphon -jet  water  closets*  plain  and  neat  and  thorough  in  action, 
made  of  vitreous  china,  first-class  quality.  Flush  these  closets  through 
Kenney  nickel  *p  la  ted  brass  finsho  meter  valves  and  regtilating  cocks. 
Each  closet  is  to  be  provided  with  a  strongly  made  solid  mahogany 
countersunk  seat  attached  to  bowl,  same  as  is  specified  for  the 
receptton  halt;  or«  furtiish  and  fit  up  a  low-down  flush  tank  lined 
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with  16-ounce  copper  and  furnished  with  a  suitable  high -pressure 
ball-cock  and  solid-mahogany  casing,  all  of  first-class  quality  as  may 
be  directed. 

Furnish  and  fit  up  where  shown  two  standard  porcelain-enameled 
cast-iron  bathtubs  of  first-class  quality  complete  as  shown  in  Plate  b'A  S 
of  the  Standard  Sanitary  Manufacturing  Company's  catalog  S,  free 
from  cracks,  flaws,  or  other  imperfections,  baths  to  be  5i  feet  inside, 
with  a  4-inch  roll  rim,  and  must  bear  guarantee  against  cracking  of 
the  enamel  and  other  defects.  The  exterior  finish  is  to  be  ivory-white 
with  gold  bands.  These  tubs  must  be  perfect  in  every  respect.  Waste 
them  through  suitable  brass  traps  with  4-inch  nickel-plated  brass 
screwcap  flush  with  the  floor. 

Wash  Basins.— In  each  bathroom  and  in  the  bed  chamber 
over  the  dining  room,  furnish  and  fit  up  one  Regal  porcelain  lava- 
tory, complete  as  shown  in  Plate  143  L  of  Haines,  Jones,  &  Cad- 
bury  Co. *s  catalog.  Waste  each  basin  through  a  li^-inch  nickel-plated 
brass  trap  to  the  wall.  The  slab  of  each  basin  is  to  be  30  inches 
by  22  inches,  the  quality  is  to  be  Class  A,  and  they  must  be  perfect 
in  every  respect,  with  neat  straight  lines,  clean-cut  moldings,  and 
perfect  glaze,  each  basin  to  be  provided  with  Regal  porcelain  legs, 
and  Fuller  basin  cocks  with  porcelain  name  plates  marked  **Hot** 
and  "Cold." 

In  the  bed  chamber  adjoining  the  den  on  the  second  floor,  furnish 
and  fit  up  complete  one  solid-porcelain  right-hand  corner  basin  with 
back  and  end,  the  slab  t©  he  30  inches  by  22  inches,  and  of  the  same 
general  type  and  quality  as  the  Regal  basin  previously  specified  for  the 
toilet  rooms.  Use  one  porcelain  leg  for  this  basin.  Waste  the  basin 
through  a  standing  waste  properly  trapped  and  supply  with  hot  and 
cold  water  through  Fuller  basin  cocks  with  "Hot"  and  "Cold"  china 
name  plates. 

Slop  Sinks. — Furnish  and  fit  up  where  shown  on  the  second  floor 
one  22''  X  IH"  X  12"  roll-rim  Mott's  Colonial  slop  sink,  with  bronzed 
iron  trap  standard  and  nickel-plated  strainer,  and  18-inch  back  as 
shown  in  Plate  812  R.  Supply  this  with  hot  and  cold  water  through  a 
nickel-plated  compression  double  faucet.  The  trap  standard  is  to  be 
a  half  S  trap. 

Servants'  Batiirooin.— Furnish  and  fit  up  where  shown  one 
cast-iron  enameled  5'  (i"  bath  of  the  ordinary  plain  pattern,  with  plain 
plug  and  chain  and  combination  cock  inside  the  bath,  same  as  in 
Plate  19  S,  Standard  Manufacturing  Company's  catalog  S,  without 
exterior  finish. 

Furnish  and  fit  up  in  servants'  bathroom  one  porcelain-enameled 
tiat-back  iron  basin  in  one  piece,  with  nickel  i)lated  Fuller  cocks,  rub- 
ber plug  and  chain,  nickel-plated  trap,  and  brackets  complete. 

Furnish  and  fit  up  in  servants'  hathnjoni  one  plain  durable  siphon- 
jet  water  closet,  with  Kenney  flushometer  or  plain-oak  low-down  flush 
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tank,  copper  lined*  fts  directet!.  The  i^eat  is  to  he  nf  oak  and  attached 
to  the  IjimL 

KItelieii  Iliiii|*v.— Tlie  kitchen  niriRe  will  he  ftirnished  by  the 
owner.  The  g:is  tLiiij^e  vvi!l  tie  furnished  by  the  owner.  The  pUrmbing 
etmiract*»r  will  be  required  to  make  connections  between  the^  ranges 
and  the  kitchen  boiler  with  brass  piping. 

Kitchen  Boiler,  The  contractor  will  fnrnis^h  and  (it  up  In  the 
kitchen  where  *^hown  one  titJ-gaUon  galvanized -iron  extra-heavy  best- 
qnality  range  boiler  tested  to  260  pounds. 

RefrljEferator*— The  refrigerator  is  to  be  furnished  and  set  in 
position  by  the  owner.  The  plumber  will  be  required  to  connect  the 
refrigerator  with  the  safe-vvft^te  stnk  \n  the  eeUar,  providing  a  cheek- 
valve  oo  the  month  of  the  safe- waste  pipe  over  the  sink  and  cleanouts 
wherever  necessary  to  insert  rods  ffir  cleauing-otit  purposes;  a  ci>pper 
pan  I  foot  square  of  Ift-oiince  copper  with  U-inch  npstand  is  to  be 
located  under  the  refrigeriit^tr  outlet  and  is  to  be  connected  with  If-itich 
lead  pipe  and  brass  strainer  at  the  floor  line. 

DRAtNAUE    «Y8TEM 

Main  Iloust^  Draln^ — The  eon  tractor  will  furnish  and  lay  in  a 
fitraight  line  between  the  rear  of  the  building  and  the  sewer  in  Costello 
Court  a  6-inch  salt -glazed  vitrified  sewer  pipe.  This  pipe  mnsi  be 
laid  on  a  solid  natural  bottonn*  The  joints  are  to  be  made  with  Fort- 
land  cement  and  clean  sharp  sand  in  the  proportious  of  half  and  half. 
The  lines  must  be  laid  perfectly  true  ami  the  interior  swept  out  clean 
as  it  is  laid.  Place  the  main  drain  trap  under  the  cellar  floor  just 
JDside  the  rear  wall.  Take  off  a  4*inch  fresh-air  inlet  from  the  house 
side  of  the  mam  drain  trap  and  run  it  through  the  rear  wall,  terra  in  a- 
ting  above  the  grade  line  where  directed  with  a  suitable  vent  cap.  All 
the  drainage  work  showni  in  the  cellar  plan  is  to  be  extra-heavy  cast 
iron  with  calked  joints  and  supported  on  natural  earth  bottom.  A 
hatchway  will  be  left  in  the  fJoor  for  access  tn  the  space  underneath. 
Brass  screw-cap  clean-otits  must  be  placed  at  all  points  on  the  drain- 
age and  wasle-pipe  system  where  ft  is  necessary  to  obtain  access  to  any 
line.  The  baf^e  of  each  soil  stack  must  be  supported  solidly  on  a  brick 
pier  to  be  built  by  the  owner  for  that  purpose.  The  drain,  soil,  w^aste, 
and  vent  stacks  having  a  diameter  greater  than  2  inches  are  to  be  of 
extra- heavy  cast-iron  pipe  with  strong  calked  joints.  Thojse  having  a 
smaller  diameter  are  to  be  of  galvanized -iron  pipe  and  are  to  have 
easy-sweep  flush  fittings;  no  wrouj^ht-iron  pipe  is  to  be  used  under  the 
eellar  Soor.  All  the  vents  and  branches  on  the  drainage  and  ventila- 
tion Shystera  must  have  easy*sweep  flush  fittiugsip  All  vetst  stacks  less 
than  4  inches  thtit  pasjj  through  the  r^of  are  to  be  increased  in  diameter 
at  such  a  place  and  in  such  a  manner  as  reijuired  by  the  city  ordinance; 
all  soilt  waste,  and  vent  stacks  are  to  be  rigidly  secured  with  wall 
hooki  or  other  approved  fastenings.     All  lead  branches  to  closets  or 
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other  fixtures  are  to  be  connected  to  the  cast  iron  with  heavy  brass 
ferrules  and  wiped  joints;  all  lead  pipe  used  on  the  drainage  system  is 
to  be  equal  to  7-pound  sheet  lead  in  thickness;  all  nickel-plated  waste 
pipes  are  to  be  connected  to  lead  branches  with  wiped  joints  concealed 
by  heavy  nickel-plated  brass  flanges;  the  vent  pipes  intersecting  the 
roof  are  to  be  flashed  with  6-pound  sheet  lead.  The  location  and  the 
proper  height  to  which  the  vent  pipes  will  be  run  shall  be  directed  on 
the  job;  the  top  of  each  vent  pipe  is  to  be  protected  with  an  approved 
woven-wire  ball  screen.  All  the  waste  connections  and  vent  connec- 
tions exposed  to  view  under  the  fixtures  are  to  be  nickel-plated  brass 
and  all  are  to  be  provided  with  suitable  brass  floor  and  wall  plates. 

Leaders. — The  leaders  from  the  roof  down  to  a  point  about  5  feet 
above  the  ground,  or  where  directed,  shall  be  furnished  and  installed 
by  the  sheet-metal  contractor.  The  plumber  will  "continue  the  extra- 
heavy  cast-iron  leader  drain  up  to  and  above  the  ground  to  -receive 
these  leaders,  leaving  them  plumb  and  neat  and  in  true  alinement  for 
the  leaders.  The  leader  traps  are  to  be  located  under  the  cellar  floor 
where  shown  and  provided  with  brass  screw-cap  clean-outs;  the  leader 
drains  outside  the  building  are  to  be  of  cast  iron. 

WATETl-SUPPLY  SYSTEM 
Main  Line.— From  the  street  main  in  Clay  Avenue  run  a  li-inch 
extra-heavy,  galvanized-iron  service  pipe  into  the  cellar  through  the 
front  wall.  Cover  this  pipe  with  a  heavy  coat  of  R.  I.  W.  paint  to 
prevent  corrosion.  Obtain  and  pay  for  a  Ij-inch  tapping  to  the  street 
main.  Connect  the  corporation  cock  to  the  galvanized  service  pipe 
with  IJ-inch  AAA  lead  pipe  and  brass  solder-nipple  connections. 
Place  a  stop-cock  and  a  curb  box  at  the  curb.  Run  the  service  pipe 
line  at  least  5  feet  below  the  ground  and  finish  with  IJ-inch  plugged  T 
inside  the  cellar.  On  the  house  side  of  the  T,  place  l^-inch  gate  valve, 
with  a  drip  cock  on  the  house  side  of  the  valve.  On  the  house  side  of 
this  drip  cock  place  a  IJ-inch  Kieley  pressure-reducing  valve.  Place 
a  suitable  pressure  gauge  on  the  house  side  of  Ihe  pressure-reducing 
valve  and  set  tlie  valve  so  that  it  will  hold  up  30  pounds  per  square 
inch  pressure  in  the  building  independent  of  street  variations.  On  the 
street  side  of  the  pressure-reducing  valve,  take  off  a  ^-inch  galvanized- 
iron  pipe,  run  same  to  supply  a  ^-inch  hose  bib  to  be  located  where 
directed  for  lawn  sprinklinu^  purposes,  and  place  a  i-inch  roundway 
stop-and-waste  cock  on  this  line  in  the  cellar.  Continue  from  the 
pressure-reducing  valve  with  a  Ij-inch  galvanized-iron  water  main  to 
the  several  risers.  Leave  a  ])lugged  T  where  directed  to  supply  a  steam 
boiler  in  the  future.  Run  a  1-inch  branch  to  the  laundry  tubs,  a  i  inch 
branch  to  the  safe- waste  sink,  a  J-inch  branch  to  the  butler's  pantry 
sink,  a  H-inch  branch  to  the  reception-hall  lavatory,  a  IJ-inch  branch 
to  each  toilet  room  containing:  fiushometer  valves.  Take  off  J-inch 
branches  to  all  baths,  and  J -inch  branches  to  all  basins.     Place  a  gate 
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mWe  on  each  branch  to  each  toilet  room  and  a  drip  cocfe  on  the  houi^e 
side  of  each  gate  valve.  Place  a  gate  valve  or  round  way  stop -and- 
waste  cock  on  all  branch  lines  from  both  the  hot  and  the  cold  main 
distributing  lines  to  control  any  part  of  the  building  without  shuttiGg^ 
off  any  other  part^  where  directed.  Valve  each  closet  tank  and  hi>t 
and  cold  supply  to  bai^ins  separately.  Run  all  the  pipes  in  the  cellar 
neatly  along  the  cellar  ceilings  supporting  thera  rigidly  w;th  suitable 
tinned  pipe  straps  and  screws.  Use  beaded  malleable-iron  fittings  all 
through  the  job  for  the  water  supply  pipes:  all  threads  must  be  clean- 
cut.  Grade  all  cellar  pipes  down  to  the  several  drip  cocks,  and  make 
provUions  for  all  the  pipes  to  be  easily  drained  without  traps. 

Safes i — Lay  a  H -on nee  soft- rolled  copper  pan  under  the  entire 
Roorof  the  bathrooms  over  the  diaing  room  and  over  the  den,  making 
an  upstand  all  around  and  back  of  the  baseboard*  Properly  lock  all 
seams  and  solder  same  w^ater-tight*  Run  a  Ij-inch  waste  pipe  from 
the  second- floor  safe  to  the  cellar  ceOing*  Run  a  li-inch  waste  from 
the  third-'ftoor  safe  to  the  cellar  ceiling  over  the  sink.  Test  these  safes 
by  tilliog  them  witfa  water  after  the  roughing  is  all  in. 

BOILBK    CO^fHECTION8 

'  Set  tbe  boiler  on  a  strong  gajvan bed-iron  stand  where  directed. 
Connect  it  to  the  coal  range  with  1-inch  semiannealed  brass  tubing 
and  to  the  gas  range  with  ^-inch  semiannealed  brass  tubing.  Leave 
a  plugged  T  at  the  top  and  another  ai  the  bottom  of  the  boiler  for 
future  connection  to  a  steam  water  heater.  From  the  top  of  the  boiler, 
run  a  l-inch  hot- water  dislribnting  line,  branching  off  to  the  bathroom 
over  the  dining  room  and  return  with  a  J-inch  circulation  pipe.  Con- 
nect the  circulation  pipe  to  the  bottom  of  the  boiler  with  a  J-incb 
connection  J  placing  a  swing  check  and  stop-cock  on  the  line  where 
directed.  From  the  1-inch  hot* water  distributing  main  at  the  kitchen 
ceiling,  run  a  }-inch  branch  up  to  the  bathroom  on  the  third  floor  and 
return  with  i-inch  pipe*  which  will  join  the  |-inch  circulation  pipe  from  , 
the  bathroom  over  the  dining  room*  Place  a  stop-cock  on  both  the 
hot  and  circulation  branches  to  control  both  bathrooms.  From  the 
lop  of  the  boiler,  run  a  J-inch  hot-water  pipe  to  stipply  the  bathroom 
over  the  kitchen  without  providing  for  circulation.  Run  a  i-lnch  hot- 
water  supply  pipe  along  the  cellar  ceiling  to  the  vestibule  basin  without 
providing  for  circulation.  Place  a  gate  valve  on  the  cold-water  supply 
above  the  kitchen  boiler  and  a  gate  valve  on  each  main  line  running 
from  it.  Run  a  |-inch  sediment  pipe  from  the  kitchen  boiler  to  the 
safe  waste  sink  in  the  cellar.  On  top  of  the  kitchen  boiler  place 
a  1-inch  safety  valve  of  approved  make  of  the  spring  pop  pattern. 
Discharge  the  safety  valve  into  the  sediment  pip^  and  load  tbe 
safety  valve  to  blow  off  at  -10  pounds  per  square  inch* 

All  the  pipes  for  supplying  both  hot  and  cold  water  throughout  the 
entire  btjilding  are  to  be  the  best  quality  galvanized  iron,  except  where 
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specified  otherwise.     All  the   fittings  are  to  be  strong  malleable-iron 

galvanisied  beaded  fittings  or  brass  beaded  fittings. 

Galvanized-iron   ring-plate  hangers  are  to  be  used  where  the  pipes 

run  along  finished  ceilings  or  against  finished  walls.     All  hot-water 

and  cold-water  pipes  exposed  to  view  under  the  fixtures  are  to  be  of 

nickel-plated  brass,  iron-pipe  size,  finishing  at  the  floor  or  walls,  as  the 

case  may  be,   with   heavy   brass  nickel-plated   flanges;   all  hot-water 

pipes  are  to  be  graded  so  as  to  pitch  back  to  the  boiler  and  are  to  be 

provided  where  necessary  with  drip  cocks,  so  that  every  pipe  can  be 

emptied  easily. 

GAS    PIPING 

From  the  4-inch  gas  main  on  Clay  Avenue,  run  a  li-inch  gas  service 

pipe  in  through  the  front  cellar  wall.     Place  a  U-inch  gate  valve  just 

inside  the  wall,  and  another  at  the  curb,  with  an  iron  extension  curb 

box.     Drip  this  service  pipe  back  to  the  main,  if  possible.     If  not, 

place  a  drip  cock  and  pocket  inside  the  cellar  wall.     Protect  the  service 

pipe  with  a  h^avy  coat  of  R.  I.  W.  paint  and  fill  in  the  trench  carefully. 

The  contractor  will  be  required  to  furnish  and  pay  for  the  tapping  of 

the  p:as  main  and  the  connection.     He  will  obtain   and  set   the  gas 

meter.     Connect  this  meter  with  a  IJ-inch  D  lead  pipe.     Run  a  li-inch 

gas  pipe  from  the  meter  to  a  point  beyond  the  connections  to  the  gas 

logs.     Then  continue  with  H-inch  pipe  to  the  gas  range  in  the  kitchen 

and  connect  up  the  range  and  the  gas  water  heater  complete.     Run  a 

5 -inch  gas  pipe  to  each  of  the  gas  logs  in  the  reception  hall  and  connect 

to  the  logs  complete  as  directed.     The  logs  will  be  furnished   by  the 

owner.     Tliere  will  be  no  gas  used  for  lighting  purpose  in  the  building. 

Leave  a  ij'-inch  plugged  T  at  the  cellar  ceiling,  where  directed,  for  a 

laundry  stove. 

FINALLY 

The  city  ordinances  must  be  respected  in  all  work;  all  cast-iron 
pipes  are  to  be  extra  heavy  and  all  junctions  of  the  same  are  to  be 
made  with  oakum  and  molten  lead  calked  flush  with  the  face  of  the 
hub.  The  weights  of  the  pipes  must  accord  with  the  city  ordinances; 
all  the  soldered  joints  are  to  be  wiped;  all  pipes  are  to  be  supported  in 
the  firmest  manner  with  appropriate  hangers,  bands,  or  other  fasten- 
ings to  be  approved  by  the  sanitary  engineer  so  as  to  effect  strong, 
neat,  secure  work.  All  pipes  must  be  of  uniform  thickness  and 
free  from  :ill  imperfections;  the  entire  soil,  waste,  and  vent  system  is 
to  be  tested  by  the  water- pressure  test,  in  the  presence  of  the  plumb- 
ing ins])ector  and  sanitary  engineer,  at  the  expense  of  the  contractor; 
the  whole  work  is  to  be  again  tested,  after  it  is  completed,  by  the 
smoke  test  in  the  presence  of  said  inspector  and  engineer  at  the 
expense  of  the  contractor.  The  owner  will  furnish  and  fit  up  all  nec- 
essary pipe  boards  and  planking  for  the  pipes  and  fixtures.  The 
plumber  will  be  required  to  pay  fc^r  all  permits  and  furnish  all  mate- 
rials, tools,  and  labor  necessary  to  duly  complete  his  work  and  leave 
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the  same  in  a  finished  condition.  The  owners  will  execute  all  neces- 
sary cutting  of  walls,  beams,  etc.  for  the  plumbers.  The  workmen 
must  be  all  first-class,  steady  men,  approved  by  the  sanitary  engineer, 
who  will  have  the  power  to  di.scharge  any  workman  whom  he  may 
deem  incapable  of  producing  the  class  of  work  required.  Prepara- 
tions for  the  wo'-k  are  to  commence  as  soon  as  the  contract  shall  have 
been  made  and  signed  by  the  contracting  parties,  and  the  erection  of 
the  work  is  to  commence  as  soon  as  practicable. 

DRAWINGS    AND    SPECIFICATIONS 

The  drawings  and  these  specifications  are  the  property  of  the  archi- 
tect and  must  be  returned   to  his  office  before  the  final  certificate  is 

granted. 

BIDS 

No  bid  will   be  considered   unless  accompanied   by  the  plans  and 

specifications.     The  owner  reserves  the  right  to  reject  any  or  all  bids. 

June  30,  1904.  Jos.  Hawlky,  Sanitary  Engineer. 


OFFICE-BUILDING    PLUMBING 
GENERAL    DESCRIPTION    OF    SYSTEM 

18.  The  accompanying  plans  and  specifications  illustrate 
and  describe  the  plumbing  systeul  in  the  recently  com- 
pleted annex  to  the  ('ommercial  Cable  Building,  New  York, 
wherein  there  is  employed  a  combined  gravity  and  com- 
pressed-air system  for  discharging  the  sewage.  The  rising 
lines  and  connections  thereto  are  of  heavily  galvanized 
wrought  iron  with  heavy  cast-iron  recessed  threaded  fittings; 
all  cast-iron  pipe  used  is  of  extra-heavy  quality. 

19.  Referring  to  the  third-basement  plan,  Fig.  6,  it 
will  be  noticed  that  the  subsoil  drainage  lines  a,  b,  and  c 
discharge  into  the  subsoil  tank  d,  to  which  the  2-inch  refrig- 
erator waste  e  is  also  connected.  The  subsoil-drainage 
tank  d  is  connected  to  the  sewerage  system,  into  which  the 
subsoil  water  is  discharged  by  a  siphon  ejector,  the  water 
passing  into  the  house  drain  and  thence  into  either  or  both 
of  the  sewage  ejecting  tanks  /, /'  through  a  properly  trapped 
waste  pipe  provided  with  the  necessiiry  back-water  valve  to 
prevent  sewage  from  backing  into  the  subsoil  drainage  lines 
and  tank  in  case  of  accident  to  the  sewage  ejectors. 


20      PLUMBING  PLANS  AND  SPECIFICATIONS    §54 

As  is  frequently  necessary  in  large  office  buildings  having 
several  stories  below  the  street  lev^l,  the  house-drainage  sys- 
tem is  arranged  in  two  sections,  the  discharge  from  one  section 
being  effected  by  gravity,  while  that  from  the  other  is  accom- 
plished by  the  use  of  compressed-air  sewage  ejectors  /,  /' 
located  in  the  sump  pit  in  the  third  basement.  As  shown  on 
the  third-basement  plan,  various  waste  pipes,  soil  pipes, 
and  area-drain  pipes  are  connected  into  the  5-inch  house 
drain  that  discharges  through  the  ejectors  in  the  sump  pit. 

20.  As  indicated  on  the  main-basement  plan,  Fig.  8, 
the  main  drain  of  the  gravity  discharge  section  of  the  house 
drainage  system  runs  along  the  south  wall  of  the  old  build- 
ing and  discharges  by  gravity  through  a  running  trap  into 
the  7-inch  house  sewer,  and  thence  into  the  New  Street 
sewer.  The  house  drain  of  the  gravity  discharge  system 
also  receives  the  discharge  from  a  portion  of  the  plumbing 
system  in  the  new  building  (see  stack  A^  Fig.  12),  the  main 
drain  being  carried  along  the  wall  in  an  easterly  direction  to 
a  point  opposite  the  toilet  rooms  in  the  eastern  side  of  the 
new  building,  where  it  is  run  through  the  south  wall  of  the  old 
building,  across  the  court  of  the  new  building  in  the  channel 
iron  shown  in  detail  in  the  main-basement  plan,  Fig.  8,  and 
thence  through  the  court  wall,  just  beneath  the  ground-floor 
toilet  room  in  the  new  building,  as  indicated  on  the  sectional 
view,  Fig.  12,  showing  the  various  rising  lines  of  the 
plumbing  system.  From  the  ground  floor  to  the  roof,  all  the 
waste  from  the  toilet-room  fixtures  on  the  stack  A  is  dis- 
charged through  this  gravity  system,  which  also  receives 
the  discharge  from  the  rain-water  leaders,  as  indicated  at  the 
left  of  Fig.  12.  The  soil  and  waste  line  for  the  fixtures 
below  the  ground  floor  on  stack  A,  Fig.  12,  is  connected 
into  the  vent  line  above  the  highest  waste  fixture  on  the 
lower  line,  as  shown,  and  continued  upwards  to  the  roof. 
The  vent  lines  are  connected  at  the  bottom  with  the  soil  and 
waste  lines  below  the  lowest  fixtures,  the  waste  of  the 
nearest  fixture  being  connected  above  the  bend.  The  waste 
from   stacks  By   C,   Dy  /f,  and  /%   the  location  of  which   is 
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shown  on  the  third-basement  plan,  Fig.  6,  as  well  as  the 
discharge  from  the  area  drains,  is  carried  to  the  sewage 
ejectors  by  which  it  is  discharged  to  the  sewer.  The 
sewage  ejectors  /,  Z',  Fig.  6,  are  so  cross-connected  that 
either  or  both  may  be  used  in  discharging  the  sewage  into 
the  street  sewer. 

21.  To  avoid  confusing  the  pipe  lines  the  water-supply 
system  is  not  shown  on  the  plans.  The  description  here 
given,  in  conjunction  with  the  specifications,  will  explain  the 
water-supply  system. 

The  supply  of  water  to  the  various  plumbing  fixtures  and 
fire-lines  is  taken  from  a  large  house  tank  on  the  roof,  the 
water  being  pumped  into  the  house  tank  by  one  or  both  of 
two  house  pumps,  directly  over  which  are  located  two  pres- 
sure tanks  into  which  the  pumps  discharge  and  to  which 
compressed  air  is  supplied  by  a  Westinghouse  steam-driven 
air  compressor.  The  house  pumps  are  independently  con- 
nected to  a  suction  tank  beneath  the  basement  floor,  the 
water  supply  to  the  tank  being  controlled  by  a  valve  operated 
by  a  ball  float.  The  water-supply  main  to  the  suction  tank, 
just  before  entering  the  latter,  is  cross-connected  to  the 
suction  pipes  of  both  house  pumps.  The  water  supply  for 
the  old  building  is  furnished  through  the  supply  pipe  from 
the  house  tank  on  the  roof  of  the  new  annex. 


SPECIFICATIONS 

22.  The  specifications  under  which  the  plumbing  system 
in  the  building  whose  plans  are  given  in  Figs.  6  to  13  was 
installed  are  as  follows: 

Specifications  covering  materials  and  workmanship  for  install- 
ing the  plumbinja:  and  drainage  systems  in  the  Commercial  Cable 
Building  Annex,  New  Street  and  Exchange  Place,  New  York,  in 
accordance  with  the  accompanying  plans  prepared  by  Howells  & 
Stokes,   architects: 

Drawlnjufs. — The  plumbing  drawings  that  accompany  these 
specifications  consist  of  the  following  plans:  third-basement  plan, 
showing  subsoil,  leader,  and  house-drain  lines;  second-basement  plan; 
first-  or  main-basement  plan;  ground-floor  to  third-floor  plan;  fourth- 
floor  to  fifteenth-floor  plan;  roof  plan.     All  these  plans  indicate  the 
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location  of  soil,  waste,  and  vent  stacks.  There  is  also  presented  a 
sectional  elevation  corresponding  to  the  layout  indicated  on  the  third- 
basement  plan  and  showing  various  soil,  waste,  and  vent  stacks  and 
attached  fixtures.  The  drawing  entitled  Gravity  House  Drain  and 
Ejector  Discharge  Pipes  (Fig.  13)  is  a  sectional  elevation  showing  the 
course  of  the  stack  A,  also  the  connections  between  the  sewage  eject- 
ors in  the  sump  pit  and  the  New  Street  sewer. 

Scope  of  Work. — Included  under  the  plumbing  contract  will  be 
the  complete  installation  of  the  plumbing  and  drainage  system,  to 
include  all  sewerage  from  all  fixtures  throughout  the  building,  the 
drainage  of  all  roof  water,  areas,  etc.,  the  proper  venting  of  all  lines, 
and  the  furnishing  and  setting  of  all  fixtures  and  other  work,  as  may 
be  more  particularly  called  for  and  shown  on  the  plans,  sections, 
elevations,  and  in  these  specifications. 

Toilet  for  Workmen.— The  plumbing  contractor  is  to  furnish 
and  set  at  some  convenient  point  in  the  building,  at  as  early  a  date  as 
possible,  toilet  connection,  with  the  necessary  hopper,  seat,  enclosure, 
etc.  for  the  convenience  of  the  workmen  of  this  building.  This  toilet 
is  to  be  kept  in  a  perfectly  clean  condition  and  is  to  be  supplied  with 
running  water,  and  is  to  be  cleaned  out,  disinfected,  and  removed 
whenever  requested  by  the  architects.  Provide  one  toilet  on  the  first 
and  eighth  floors. 

Materials.  — The  cast-iron  pipe  used  is  to  be  extra  heavy  through- 
out.    All  fittings  are  to  be  extra  heavy  and  of  standard  make. 

The  wrought-iron  pipe  used  is  to  be  of  extra-heavy  manufacture  and 
of  the  proper  sizes,  as  called  for,  and  is  to  be  heavily  galvanized 
throughout.  Fittings  for  wrought-iron  pipe  are  to  be  extra-heavy  cast- 
iron  recessed-and-threaded  drainaj^e  fittings. 

Lead  pipe  is  to  be  of  the  grade  known  as  D. 

}5rass  pipe  is  to  be  thoroughly  annealed  seamless  drawn  brass 
tubing  of  standard  iron-pipe  gauj^^e.  Fittings  on  brass  pipe  are  t  >  be 
heavy  cast-brass  fittings,  to  be  recessed  and  threaded  where  necessary. 

A'alves. — All  valves  used  throughout  the  work  are  to  be  of  the 
standard  Fairl)anks  or  Jenkins  Bros,  manufacture. 

Joints. — All  joints  between  cast-iron  pipes  are  to  be  made  up  wth 
spun  oakum  and  pig  lead.  The  pipe  is  to  be  set  concentric  and  the 
joints  are  to  be  thoroughly  tilled   and  calked  until  the  same  are  tight. 

All  joints  in  j^alvani/.ed  wrought-iron  pipe  are  to  be  made  up  with 
threaded  connections  in  red  lead. 

All  joints  between  lead  pipe  are  to  be  wiped  solder  joints. 

All  joints  between  lead  pipe  and  iron  pipe  are  to  be  made  with  long 
heavy  proper-sized  br.i<s  ferrules  thoroughly  calked  into  the  iron  pipe 
and  a  wi|)ed  solder  joint  between  the  brass  ferrule  and  the  lead  pipe. 

All  joints  in  brass  j^ipes  are  to  be  screwed  joints  made  up  with  white 
lead. 

Slip  joints  beyond  the  trap  seals  will  not  be  accepted. 
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Piplngr* — AH  piping  shall  be  run  as  direct  as  possible,  substantially 
as  shown  on  the  plans,  avoiding  unnecessary  bends  and  outlets. 

No  piping,  whether  so  drawn  on  the  plans  or  not,  shall  be  run  so  as 
to  interfere  with  the  proper  installation  of  the  work  of  other  contractors, 
and  such  piping  shall  be  altered  to  run  as  directed  by  the  architects. 

All  sewer  and  drain  pipes  are  to  have  a  uniform  fall  of  \  inch  to 
the  foot,  and  all  other  pipes  are  to  be  properly  pitched  in  a  uniform 
manner. 

Hangers. — All  horizontal  runs  of  piping  shall  be  supported  on 
wrought-iron  adjustable  hinged  hangers. 

All  vertical  piping  shall  be  supported  on  adjustable  hinged  pipe 
bands  of  wrought  iron. 

Exposed  piping  in  finished  rooms  shall  be  hung  and  supported  on 
hinged  pip>e  hangers  and  supports  of  the  same  material  as  the  piping 
and  shall  be  secured  in  a  neat  manner. 

AH  hangers  and  supports  shall  be  of  the  pattern,  and  spaced,  as 
directed  by  the  architects,  and  any  special  hangersor  supports  required 
to  support  the  piping  shall  be  furnished  and  set  by  the  plumbing 
contractor. 

Tblnibles. — Where  pipes  pass  through  walls,  floors,  or  partitions, 
they  shall  pass  through  adjustable  telescope  thimbles  of  either  wrought- 
iron  pipe  or  galvanized-iron  pipe,  properly  flanged  and  to  be  at  least 
J  inch  larger  than  the  outside  diameter  of  the  pipe. 

Cleau-Outs. — All  clean-outs  shall  be  provided  with  brass  screw- 
caps.  All  running  traps  shall  have  two  clean-outs.  The  foot  of  all 
lines  and  all  changes  in  direction  of  the  hou.se  drain  shall  be  provided 
with  clean-outs. 

Roof  Joints. — Where  pipes  extend  through  the  roof,  the  joints 
shall  be  made  tight  with  10-ounce  copper,  flanged  out  on  to  the  roof  at 
least  8  inches,  and  be  carried  up  the  pipe  to  the  first  joint;  the  cap 
flashing  is  to  be  calked  tightly  into  this  joint,  and  all  is  to  be 
guaranteed  waterproof. 

Excavating. — The  plumber  shall  do  all  the  excavating  inside  and 
outside  of  the  building  for  the  house  sewer,  house  drains,  and  the 
water-  and  gas-supply  piping. 

Refilling:.— All  trenches  shall  be  refilled  with  clean  earth  in  12-inch 
layers  and  puddled  and  tamped  in  place,  and  all  repairing  of  the  street, 
etc.  is  to  be  paid  for  by  the  plumbing  contractor. 

Work  Exo<Mit<'cI  by  MsiHon  C'ontrac'tor.— The  sump  pit. 
excavation,  retaining  walls,  and  the  trenches  beneath  the  basement 
floor  and  their  retaininj^  walls  will  l)e  excavated  and  built  by  the  mas^^^n 
contractor. 

Hou»e  Sewer.  -From  the  inside  of  the  retaininc:  walls  of  the  first 
basement  at  the  s^>uth  ond  of  the  old  building  run  an  extra-heav>' cast- 
iron  sewer  of  the  size  shown  on  the  drawings  and  connect  the  same. 
with  the  proper  fall,  to  the  sewer  in  the  street.     Into  the  end  of  this 
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cast-iron  sewer  calk,  in  a  first-class  manner,  the  end  of  the  galvanized 
wrought-iron  main  house  drain  pipe  from  the  new  building. 

House  Trap. — On  the  house  drain  line,  just  inside  of  the  retaining 
wall,  on  the  horizontal  run  of  pipe  leadi'ng  to  the  street,  furnish  and 
install  an  extra-heavy  running  trap,  to  be  of  extra-heavy  galvanized 
iron  and  to  have  two  threaded  brass  clean-out  screws. 

Air  Inlet. — Connect  the  house  trap  on  the  house  side  by  means  of 
a  proper  size  galvanized  wrought-iron  pipe.  Carry  this  inlet  up  to  the 
sidewalk  and  have  it  end  in  a  brass  grating  set  in  the  .sidewalk,  with  a 
suitable  frame. 

House  Drain. — Continue  the  house  drain,  as  above  called  for, 
with  proper  rise,  in  an  easterly  direction  along  the  south  wall  of  the 
old  building  until  the  same  is  opposite  the  toilet  rooms  in  the  eastern 
side  of  the  new  building.  At  this  point  turn  the  drain  south  and 
through  the  south  wall  of  the  old  building,  across  the  court  of  the  new 
building  on  the  channel  iron  hereinafter  called  for,  rising  sharply,  and 
enter  the  court  wall  where  shown,  just  beneath  the  floor  of  the  ground- 
floor  toilet  room  m  the  new  building.  From  this  point  continue  as 
specified  under  Rising  Lines.  All  waste  from  the  fixtures  of  the  toilet 
rooms,  from  the  ground  floor  to  the  roof,  will  be  carried  out  through 
this  gravity  system.  All  fixtures  below  the  ground  floor  and  all  office 
fixtures  will  discharge  through  the  sewage  ejector  as  hereinafter  called 
for.  The  soil  line  for  the  fixtures  below  the  ground  floor  is  to  be  con- 
tinued up  to  and  above  the  roof,  forming  the  vent  line  for  the  fixtures 
above  the  ground  floor  and  is  to  have  a  separate  vent  throughout  the 
basement  stories,  properly  cross-connected  to  the  vent  above-mentioned 
and  above  the  highest  waste  fixture  of  the  lower  line. 

Sump  Tank. — In  the  sump  pit  below  the  floor  of  the  third  base- 
ment, furnish  and  set  two  heavy  wrought-iron  riveted  tanks,  having 
a  capacity  of  100  gallons  each,  to  be  circular  in  form,  to  have  flanged 
bottoms  and  tops,  and  all  to  be  made  of  iron  I  inch  thick,  and  to  be 
put  together  in  a  thoroughly  first-class  and  workmanlike  manner; 
joints  of  the  tanks  are  to  be  double-riveted  and  calked  until  air-tight, 
and  tested  to  withstand  200  pounds  pressure  per  square  inch. 

These  tanks  are  to  be  provided  with  all  the  necessary  riveted  flanged 
connections,  flanged  manholes,  etc.  and  are  to  be  installed  in  accordance 
with  the  Ellis  system  of  sewage  ejection  and  are  to  be  properly  connected 
by  means  of  galvanized-iron  pipe  of  the  size  shown  on  the  drawings; 
the  outlet  is  to  be  taken  from  the  bottom  of  the  tank  and  is  to  be  carried 
up  vertically  to  the  third-basement  floor,  thence  horizontally  under  the 
coal-bin  tracks  into  the  old  building,  and  is  to  rise  vertically  to  a  point 
4  feet  above  the  level  of  the  house  drain,  as  above  mentioned,  and 
then  by  means  of  a  return  bend  is  to  be  connected  to  the  house  drain. 

Where  the  vertical  run  from  the  sump  tank  changes  its  direction  to 
the  horizontal,  place  a  cleanout  T  with  a  screw-cap  on  the  back  side  in 
all  cases. 
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Steam  Connection.— From  the  top  of  the  sump  tanks  furnish 
and  set  a  proper  size  steam  connection,  with  check-valve,  to  be  thor- 
oughly secured  to  the  tank  and  properly  valved  and  to  be  run  through 
the  subbasement  of  this  building  to  a  point  near  the  house  pumps,  to 
which  the  steam  mains  from  the  present  Commercial  Cable  Building 
steam  plant  will  be  brought.  Make  a  proper  connection  to  the  same 
with  long-turn  bends. 

Compressed  Air.— Furnish  and  set  complete,  where  directed  in 
the  basement,  two  electrically  driven  air  compressors;  each  is  to  be 
capable  of  compressing  at  least  15  cubic  feet  of  free  air  per  minute  and 
maintaining  a  pressure  of  35  pounds.  Each  compressor  is  to  be  pro- 
vided with  an  unloading  device  and  is  to  be  arranged  to  work  entirely 
automatically.  Compressors  are  to  be  valved  and  cross-connected  so 
as  to  work  together  or  separately  and  so  that  either  or  both  can  be 
used  on  the  air  tank  for  the  sewage  lift.  Put  checks  on  the  air  pipe  to 
the  sewage  air  tank  and  arrange  them  so  that  there  is  no  possibility 
for  air  to  return  to  the  compressors. 

Furnish  and  set  where  shown,  near  the  air  compressors  and  hung 
from  the  ceiling  by  galvani2«;d-iron  hangers,  or  supported  on  gal- 
vanized-iron  stands  from  the  floor,  an  air-receiver  tank  5  feet  long  by 
2^  feet  in  diameter,  made  of  J-inch  steel  shell,  A-inch  heads,  all 
double-riveted,  strongly  braced  and  stayed,  and  warranted  to  stand 
150  pounds  per  square  inch  working  pressure;  the  tank  is  to  be  pro- 
vided with  riveted  flanged  inlets  and  outlets,  safety  valve,  pressure 
gauge,  valved  emptying  pipe,  manhole  plate,  guard  and  gasket  com- 
plete. Make  all  connections  with  the  compressors  and  the  receiving  tank 
with  proper-sized  pipe  and  provide  all  valves,  checks,  etc.  complete. 

Water  System.— The  water  system  is  to  be  properly  connected 
with  the  water  system  of  the  building,  and  is  to  be  properly  valved, 
check-valved,  and  all  to  be  arranged  to  work  automatically  to  dis- 
charge the  sewage  from  the  tanks  into  the  sewer  with  the  least  pos- 
sible amount  of  water. 

Fixtures. — The  sump-pit  tanks  are  to  be  provided  with  the 
necessary  governing  valves,  wheel  gate  valves,  on  both  inlet  and  dis- 
charge pipes,  of  proper  size,  and  one  No.  2  Ellis  automatic  sewage 
lift,  guaranteed  to  discharge  not  less  than  200  gallons  per  minute  for 
each  tank.  The  workinij^  of  this  sewage  ejector  is  to  be  satisfactory 
and  reliable  and  all  is  to  be  installed  under  the  direction  of  The  Ellis 
Company  and  operated  under  a  steam  pressure  of  100  pounds  per 
square  inch. 

From  the  sump  tanks  on  the  building  side,  and  properly  connected 
to  the  same  with  clear-way  check-valves,  run  underneath  the  base- 
ment floor  and  other  places  where  so  shown  proper  sewerage  lines 
having  i  inch  drop  to  the  foot,  all  to  be  galvanized  wrought-iron  pipe. 
All  changes  of  direction  are  to  be  made  with  Y  fittings,  with  cleanouts 
in  the  end  of  the  Y's. 
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Rising:  liines.— The  rising  lines  of  the  waste,  soil,  and  vent 
lines  shall  be  of  galvanized  wrought-iron  pipe  connected  to  the  house 
drain  with  Y  fittings  and  extended  through  the  roof. 

The  bottom  of  the  vent  lines  shall  be  connected  to  the  soil  and 
waste  stacks  below  the  lowest  fixture  and  the  waste  of  the  nearest 
fixture  shall  be  connected  to  same  above  the  bend.  Lines  less  than 
4  inches  in  diameter  shall  be  increased  to  4  inches  below  the  roof  and 
continued  4  inches  in  size  throughout  the  same  to  a  point  6  feet  above 
the  roof. 

Fixture  Branches.— Fixtures  are  to  be  connected  to  the  waste, 
soil,  and  vent  stacks  through  the  following  size  branches  of  galvanized 
wrought-iron  pipe: 

Waste       Vknt 
Inches     Inches 

Water  closets 4  2 

-Wash  basins 2  li 

Wash  trays 2  IJ 

Sinks 2  li 

Slop  sinks 3  2 

Fixture  Connections.— The  basin,  sink,  and  wash-tray  traps 
shall  be  screwed  directly  into  the  galvanized  wrought-iron  pipe. 

The  water  closets  shall  be  connected  to  the  soil  lines  with  brass 
screw  floor  flanges  and  4-inch  lead  bends.  These  bends  are  to  be  as 
short  as  possible  and  the  vents  to  the  closets  shall  be  connected  to  the 
top  of  the  lead  bend  below  the  floor  line. 

Leaders. — Furnish  and  set  where  shown  on  the  drawings  galva- 
nized wrought-iron  leaders,  to  be  of  the  size  shown.  At  the  roof  end, 
they  are  to  have  a  brass  expansion-joint  connection  to  allow  of  the 
soldering  of  the  copper  leader  to  the  same. 

The  water  from  the  peut-house  roof  will  empty  on  to  the  main  roof. 
The  main-roof  water  will  be  taken  down  in  one  leader  on  the  north 
side  and  this  leader  will  empty  on  to  the  roof  of  the  court  over  the 
ground-floor  corridor.  The  roof  of  the  fourth-story  extension  will  be 
drained  in  a  copper  leader  called  for  under  "Roofing  Work"  and  will 
empty  on  to  the  roof  of  the  ground-floor  corridor.  The  roof  of  the 
ground-floor  corridor  will  be  drained  into  one  leader  on  the  north  side 
and  this  will  continue  down  vertically  below  the  ground-floor  level 
and  will  then  pass  through  the  wall  of  the  old  building  and  connect  to 
the  house  drain  at  this  point.  The  roof  of  the  court  over  the  third 
basement  will  be  draned  by  a  leader  connected  to  the  third  basement 
toilet-room  drainnpje  lines.  All  leaders  will  be  trapped  at  the  foot  of 
each  before  they  enter  the  drainage  systems  by  means  of  a  running 
trap  with  a  cleanout. 

I^eacler  In  Old  Bulldlnp:.— In  the  south  wall  of  the  old 
biiildinj2j  where  the  door  on  the  ground  floor  connects  the  corri- 
dors, there  now    exists  an   old   leader  which   must  be  cut  off  above 
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the  door  and  run  over  horizontally  far  enough  to  avoid  the  doorway 
and  then  down  and  back  again  horizontally  to  connect  with  its  original 
outlet. 

Areas. — The  bottoms  of  all  areas  shall  be  provided  with  square 
brass  frames  and  hinged  perforated  brass  covers  with  brass  cesspools 
without  a  bell  trap,  to  be  soldered  to  the  copper  work  in  the  window 
areas,  and  properly  connected  and  trapped  to  a  proper-sized  galva- 
nized wrought-iron  pipe,  the  same  to  be  connected  in  the  proper 
manner  to  the  leader  system. 

Water  System. — The  contractor  shall  pipe  the  building  from  the 
tank  in  the  pent  house  to  the  various  fixtures  throughout  the  building 
for  the  system  of  cold-water  supply. 

Piping. — ^AU  the  piping  throughout  for  both  the  hot-  and  the 
cold-water  supply  system,  where  the  same  is  concealed,  shall  be  gal- 
vanized wrought  iron,  with  heavy  galvanized  cast-iron  fittings. 

Branches. — No  fixture  is  to  be  supplied  with  less  than  a  i-inch 
branch.  Each  branch  is  to  be  properly  pitched  to  drain  back  to  the 
main  and  a  J-inch  drain  pipe  with  a  valve  is  to  be  run  from  the  main 
to  empty  over  the  subsoil-drainage  sump. 

Circulation  Return. — Each  hot-water  line  shall  be  provided 
with  separate  circulation  return  carried  back  and  connected  to  the 
boilers  or  tank  inside  with  emptying  valves.  All  branches  to  the 
fixtures  shall  have  a  branch  circulation  return. 

Hot  Water. — Only  the  sinks  of  the  kitchen,  the  sinks  of  the  ser- 
vice pantry  and  scullery,  and  the  ^vash  basins  and  slop  sinks  of  the 
main-basement  toilet  room  will  be  supplied  with  hot  water.  Hot- 
water  and  cold-water  piping  is  to  be  run  to  the  range  boiler  in  the 
kitchen.  This  boiler  is  not  included  here,  but  all  piping  will  be  run 
ready  for  connections  to  same. 

Kitchen  Fixtures. — Kitchen,  sculler>',  and  service-pantry  fix- 
tures are  not  included  in  this  contract,  but  waste,  vent,  and  water- 
supply  pipes  for  all  the  above  fixtures,  where  shown,  are  to  be  included 
herein  and  will  be  installed  complete,  ready  to  connect  fixtures  to  same 
later. 

Office  Lavatories. — All  office  lavatories  are  to  have  exposed 
waste  and  vent  lines  of  galvanized  wrought  iron,  and  are  to  be 
supplied  with  cold  water  from  concealed  galvanized-iron  pipes. 
Care  is  to  be  taken  with  all  piping  that  same  may  be  erected  as 
close  to  walls  as  possible  and  to  make  a  neat  job.  All  exposed 
piping  other  than  waste  and  vent  pipes  is  to  be  nickel-plated  brass. 
All  galvanized-iron  piping  is  to  be  bronzed,  as  hereinafter  called  for. 
Throughout  ground  and  basement  floors  this  piping  will  be  conceald 
in  columns,  etc. 

Air  Chambers.— In  no  case  shall  any  pipe  terminate  at  a  valve 
or  faucet,  but  shall  be  provided  with  a  vertical  air  chamber  of  suffi- 
cient capacity. 
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Control  of  Piping.— In  addition  to  the  control  previously 
specified,  each  fixture  and  each  g^oup  of  fixtures  shall  be  controlled 
with  valves  in  such  a  manner  that  each  fixture  may  be  cut  out  without 
interfering  with  the  supply  of  any  other  fixture. 

Sill  Cocks. — Run  |-inch  pipe  to  two  sill  cocks  where  directed. 
At  the  sidewalk,  the  sill  cocks  shall  be  of  brass,  with  hose  connection, 
and  controlled  with  a  removable  key. 

Testing  Drainage  System.— When  all  the  traps  are  set  and 
the  drainage  and  vent  piping  is  completed,  the  ends  of  the  piping  shall 
be  temporarily  plugged  and  the  system  filled  with  water,  as  directed 
by  the  architects. 

Testing  Water-Supply  System.— The  entire  system  of  hot- 
water  and  cold-water  supply  piping  shall  be  filled  with  water  and  a 
pressure  of  150  pounds  to  the  square  inch  developed. 

Retestlng. — Should  any  leaks  or  defects  develop  under  the  test 
these  shall  be  made  good  and  the  system  retested,  and  the  operation 
shall  be  repeated  until  the  entire  system  is  made  tight,  and  all  damage 
caused  by  leaks  or  other  defects  shall  be  made  good  by  the  plumbing 
contractor. 

Finishing. — Where  exposed  pipes  pass  through  walls,  floors, 
partitions,  marble,  or  wood  work,  they  shall  have  cast  brass  flanged 
escutcheons,  the  same  to  have  nickel-plated  finish  and  the  same  to  be 
on  both  sides  of  the  floors,  walls,  or  partitions. 

All  exposed  piping  throughout  the  entire  building  above  the  second 
basement  will  be  nickel-plated  brass  pipe,  except  where  otherwise 
noted. 

All  exposed  piping  not  otherwise  covered  shall  be  cleaned  of  all  oil, 
grease,  dirt,  and  scale  and  given  a  coat  of  sizing  and  aluminum  bronze. 

No  water  pipe  is  to  be  run  on  outside  walls,  and  all  water  piping 
exposed  to  the  action  of  frost  is  to  be  covered,  where  necessary,  with 
hair  felt  and  jacketed  with  canvas  sewed  on.  All  other  exposed  rae'al 
work,  including  tanks,  is  to  be  painted  with  three  coats  of  lead  and 
oil  paint. 

Fire-Lilnes. —  Furnish  and  set  where  directed,  throughout  all 
floors,  including  basements  and  roof  connection,  fire-lines  of  the  size 
pipe  as  indicated  or  required,  the  same  to  be  of  galvanized  wrought 
iron,  with  all  the  necessary  fittings  of  extra-heavy  cast  iron.  On  each 
floor,  at  a  height  of  about  7  feet  from  the  floor,  leave  an  outlet  and 
extend  tlie  same  in  a  neat  manner  through  the  wall,  exposed  piping 
to  be  nickel-plated  brass,  and  leave  connection  for  the  attachment  oi 
a  22-inch  hose.  On  each  floor  furnish  and  erect  a  hose  reel,  to  be 
firmly  secured  to  the  wall  and  supplied  with  75  feet  of  rubber-lined 
first-quality  linen  hose,  the  same  to  have  all  necessary  brass  couplings, 
to  be  supplied  with  a  brass  fire-nozzle,  and  to  be  properly  attached  to 
the  fire-line  and  also  to  be  properly  valved  with  a  heavy  nickel-plated 
brass  valve.    The  supply  for  this  fire-line  is  to  be  taken  from  the  tank 
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on  the  roof  and  is  to  be  run  to  the  sidewalk  level  where  directed,  and 
is  to  have  a  heavy  polished -brass  Siamese  fire-connection  having 
standard  New  York  Fire  Department  thread,  and  the  line  is  to  have  a 
check- valve  at  the  foot. 

Hose  Reel. — Hose  reel  is  to  be  a  Star  swinging  hose  reel,  to  be 
made  of  nickel-plated  brass  in  all  parts,  to  be  thoroughly  secured  to 
the  wall  by  means  of  expansion  bolts,  and  to  be  of  the  manufacture  of 
John  Simons  &  Co.,  of  New  York  City. 

Pipe  Support. — Where  the  main  soil  pipe  crosses  over  the  court 
on  the  east  side,  furnish  and  set  a  12-inch  20-pound  channel  to  carry 
this  pipe.  This  channel  is  to  be  set  on  the  flat,  flanges  up,  and  is  to 
have  riveted  to  each  flange  one  i"  X  12"  steel  plate  to  form  a  box.  All 
this  work  is  to  receive  three  coats  of  lead  and  oil  paint,  both  inside 
and  outside.  The  channel  is  to  rest  on  the  brickwork  of  the  walls  for 
a  distance  of  at  least  12  inches.  All  cutting  in  connection  with  this  is 
to  be  done  by  the  owner. 

When  pipe  has  been  set  in  this  channel  it  is  to  be  securely  packed 
on  all  sides  with  mineral  wool  until  the  bo^  is  full.  Over  this  box  fur- 
nish and  set  a  16-ounce  copper-pitched  roof,  same  to  extend  down  the 
sides  and  to  be  strapped  under  the  bottom  of  the  channel.  This  roof 
is  to  be  so  arranged  as  to  be  removable,  and  is  to  be  water-tight,  and 
all  necessary  flashing  in  the  walls  is  to  be  included. 

Subsoil  Drainage.— The  plumbing  contractor  is  to  furnish  and 
install  a  subsoil  drainage  system  beneath  the  floor  of  the  third  base- 
ment and  also  beneath  the  bottom  of  all  trenches.  The  pipe  is  to  be 
4  inches  in  diameter,  non-vitrified  round  subsoil  drainage  tile,  without 
hubs,  is  to  be  laid  with  uniform  grade,  and  the  joints  are  to  be  covered 
on  the  top  only  with  a  flap  of  heavy  tarred  roofing  felt.  The  drainage 
pipe  is  to  be  filled  in  around  the  sides  of  the  tile  and  over  the  top  of 
the  same  to  a  depth  of  about  3  inches  with  medium-sized  gravel.  All 
subsoil  drains  shall  be  run  where  shown  and  discharge  into  the  sump 
tank,  which  is  to  be  located  in  the  same  pit  with  the  ejector  tanks,  and 
is  to  be  placed  low  enough  to  receive  the  drainage  from  the  three  sub- 
soil lines. 

The  tank  is  to  be  built  of  f-inch  steel  plates  riveted  together,  2  feet 
in  diameter  and  10  feet  deep,  and  is  to  be  sunk  6  feet  below  the  floor 
of  the  third  basement.  This  tank  is  to  have  a  horizontal  flange,  at  least 
12  inches  wide  all  around,  riveted  to  same  12  inches  under  the  base- 
ment floor.  This  flange  is  for  the  purpose  of  permitting  a  water-tight 
joint  to  be  made  with  waterproofing  at  the  basement  level. 

The  subsoil  tank  is  to  be  provided  with  an  internal  suction  pipe 
extending  upwards  inside  of  the  tank,  coming  out  near  the  top,  and 
then  emptying  into  the  sewage  system  below  the  basement  floor.  This 
waste  is  to  have  a  trap,  a  vent,  and  a  check-valve  properly  set  on  same. 

Kefrigcrator  Waste.  — In  the  refrigerator  room,  the  plumbing 
contractor  is  to  install  a  bra.ss  floor  trap,  with  removable  brass  strainer. 
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to  be  properly  trapped,  and  the  trap  is  to  empty  over  a  sink  that  is  to 
be  placed  on  the  exterior  wall  of  the  refrigerator,  which' in  turn  is  to 
be  connected  with  the  sewerage  system.  All  is  to  be  complete  in  all 
respects. 

Drips.— The  drip  from  all  machinery,  overhead  steam  lines,  drain- 
age of  water  pipes,  or  other  drip  drainage  corning  in  connection  with 
the  plumbing  work  is  to  empty  over  the  same  sink  as  the  refrigerator 
waste. 

House  Tank. — In  the  pent  house  of  this  building,  the  plumbing 
contractor  is  to  furnish  and  set  a  house  tank,  the  same  to  be  made  of 
A-inch  steel  plates,  double-riveted,  with  all  joints  calked  and  the  tank 
to  be  guaranteed  absolutely  water-tight  and  air-tight  under  a  pressure 
of  200  pounds  per  square  inch.  The  tank  is  to  be  circular  in  form, 
with  dished  heads;  it  is  to  be  6  feet  in  diameter  and  18  feet  long.  It  is 
to  have  all  necessary  cast-iron  flanges  for  inlet  connection,  discharge 
connection,  and  overflow  connection  riveted  to  the  same,  and  also  nec- 
essary gaskets,  and  necessary,  flanged  manhole  opening  and  cover, 
with  gasket.  The  tank  is  to  be  properly  supported  on  wrought-iron 
supports  secured  to  the  structural  steelwork  of  the  building,  and  is  to 
be  raised  at  least  18  inches  from  the  floor. 

The  tank  is  to  have  a  4-inch  overflow  pipe,  with  the  necessary  gate 
valve  on  the  same,  the  overflow  pipe  to  empty  on  the  roof  of  the 
building. 

The  tank  is  to  be  provided  at  the  proper  level  with  water-gauge  con- 
nections, these  connections  to  be  of  brass  and  the  water  glass  to  be  at 
least  1  foot  long,  with  the  proper  drainage  and  control  valves  on  both 
the  inlet  and  the  outlet.  The  glass  is  to  be  of  heavy  steam  water- 
gauge  manufacture. 

This  tank  is  also  to  be  provided  with  the  proper  size  relief  valve  of 
approved  manufacture.  This  valve  is  to  be  so  arranged  that  the  pres- 
sure may  be  altered  by  means  of  a  spring,  and  all  parts  are  to  be  made 
of  bronze.  The  relief  valve  is  to  be  connected  in  a  proper  manner  to 
the  overflow  pipe. 

From  this  tank  carry  the  proper  size  of  supply  pipe  down  to,  and 
connect  the  same  to  the  pressure  tanks  in,  the  basement.  Also,  this 
tank  is  to  be  cross-connected  by  means  of  a  proper  size  galvanized- 
iron  pipe  above  the  water-line  in  both  the  pressure  and  the  house  tanks. 

This  tank  is  also  to  be  connected,  by  means  of  a  proper  size  pipe, 
with  the  top  of  the  fire-lne,  with  a  check-valve  in  the  same. 

This  tank  is  also  to  be  connected  with  the  proper  size  supply  pipe 
for  distributing  the  water  through  the  entire  building. 

This  tank  is  also  to  have  a  ball  float  on  the  inside  of  the  tank,  the 
same  to  be  properly  connected  by  means  of  electrical  connections  to 
the  exterior  of  the  tank.  This  float  is  to  be  arranged  to  denote  the 
level  of  the  water,  both  when  the  tank  is  full  and  when  the  same  is 
nearly  empty,  and  the  electrical  connections  are  to  be  carried  to  the 
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third  basement  of  the  old  building*  where  the  same  will  be  within  easy 
access  of  the  engineer.  Also  itistall  telltale  bells  and  arrows  to 
denote   above. 

House  Pii in ps.— Furnish  and  erect  where  shown  on  the  plans 
two  10"  Xti"  X  10"  house  pnraps»  the  same  to  be  driven  by  steam,  to 
be  of  Worthingtcm  manufacture,  and  to  be  capable  of  rftising  250 gal- 
lons of  water  per  minute  under  a  head  of  250  feet .  The  pumps  are  to  be 
properly  connected  to  the  steam  mains,  which  will  be  brought  to  this 
point  by  the  steam  contractor,  and  are  also  to  be  properly  connected 
lo  the  exhaust,  which  pipe  will  also  be  brought  to  this  point  by  the  steam 
contractor.  The  pumps  are  to  be  of  the  best  manufacture,  and  are  to 
have  a  capacity  fully  25  per  cent,  in  excess  of  the  above  requirements* 

The  pumps  are  to  he  connected  in  a  proper  manner  by  means  of 
proper  size  pipes  to  the  suction  tank  and  also  to  the  pressure  tanks, 
which  are  to  be  installed  directly  over  the  pumps.  The  piping  is  to  be 
provided  with  all  necessary  check- valves  and  controlling  valves. 

These  pumps  are  to  be  set  on  foundations  that  will  be  furnished  by 
the  mason  contractor,  and  are  to  he  left  in  complete  working  order 
and  guaranteed  to  perform  the  work  required  of  them  and  are  to  be 
provided  with  all  necessary  petcocks>  packings,  holding-down  bolts, 
sigbt-feed  lubricators,  etc.i  complete. 

The  pumps  will  be  tested  as  to  their  capacity,  and  the  strokes  must 
not  exceed  100  per  minute  for  the  above  work  with  steam  pressure  at 
125  pounds  per  square  inchp 

Air  Pump* — Furnish  and  set  near  the  house  pumps,  and  connect 
to  the  air  pipe  that  forms  the  cross-connection  from  the  pressure  tanks 
to  the  house  tank,  by  means  of  galvanized -iron  pipe,  one  Westing- 
house  automatic  steam  air  compressor.  Steam  is  to  be  taken  from 
Ihe  main  feeding  the  house  pumps,  and  is  to  exhaust  into  their  exhanst 
pipe.  All  £eed  and  exhaust  pipes  are  to  be  properly  valved  and 
dripped.  The  air  compressor  is  to  have  its  steam  and  air  cylinders 
properly  packed  and  provided  with  sight -feed  lubricators  and  all 
necessary  petcocks»  The  compressor  is  to  have  a  capacity  for  raising 
the  air  pressure  in  the  pressure  tanks  to  200  pounds  per  square  inch 
and  shall  have  an  automatic  shut-off  valve  to  close  off  the  steam 
when  the  required  pressure  has  tJeeu  reached.  The  compressor  will 
operate  under  a  steam  pressure  at  the  boilers  of  125 pounds  per  square 
inch  and  will  be  tested  accordingly. 

Pressure  Tanks*— Over  each  pump,  hung  from  the  ceiling  or 
supported  from  the  floor  by  means  of  galvani^d-iroa  pipe  supports, 
furnish  and  erect  a  j^-inch  metal  pressure  tank,  to  be  2i  feet  in  diam- 
eter, S  feet  long,  ends  to  be  dished,  all  joints  to  be  double-riveted  and 
calked,  all  to  be  guaranteed  air-tight  and  water-tight,  and  to  be 
tested  with  a  pressure  of  at  least  200  pounds  to  the  square  inch;  each 
tank  is  to  be  provided  with  the  necessary'  Hanged  openings,  properly 
threaded  and  riveted  to  the  same;  all  openings  are  to  have  the  necessary 
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gaskets;  each  tank  is  to  be  provided  with  a  water  gauge  similar  to 
that  specified  for  the  house  tank.  Each  pressure  tatak  is  to  be  con- 
nected, as  above  mentioned,  to  the  pumps,  and  is  also  to  be  connected 
to  the  supply  main  of  the  house  tank,  and  is  to  be  connected  to  the 
foot  of  the  fire-line,  and  is  also  to  be  cross-connected  with  an  air  pipe 
to  the  house  tank,  as  above  mentioned. 

The  flanges  on  all  pipes  of  the  plumbing  work  that  come,  or  that 
join,  to  the  flanges  of  pipes  brought  to  this  point  by  the  steam  con- 
tractor, are  to  be  made  strictly  to  match  the  above  flanges,  and  this 
contractor  is  to  make  the  connections  between  these  flanges,  provid- 
ing the  necessary  bolts,  gaskets,  etc. 

Suction  Tank. — Furnish  and  set  a  suction  tank  in  the  floor  at 
the  side  of  the  pumps.  The  same  is  to  be  square  in  shape,  to  be  made 
of  A-inch  steel,  all  joints  to  be  double-riveted  and  calked,  tank  to  be 
approximately  7  feet  wide,  10  feet  long,  and  8  feet  deep,  to  have  cover 
riveted  on  the  same,  to  have  all  necessary  flanged  openings,  flanges 
to  be  made  of  cast  iron,  to  be  properly  threaded,  and  to  be  properly 
riveted  and  calked,  with  all  necessary  gaskets  and  manhole  and  cover 
to  the  tank. 

Furnish  galvanized-iron  suction  pipe  from  the  bottom  of  the  tank 
to  the  pumps,  each  pump  being  connected  independently;  also  make 
connections  from  the  present  water  supply  of  the  old  Commercial 
Cable  building  by  means  of  a  proper  size  pipe,  being  of  the  full  diam- 
eter of  both  inlets  of  old  building.  On  the  end  of  this  supply 
pipe  furnish  and  set  a  valve,  all  portions  of  which  are  to  be 
made  of  bronze,  the  same  to  be  worked  automatically  by  means  of 
a  ball  float  in  order  to  shut  off  the  supply  of  water  when  the  tank 
becomes  full. 

The  water  main  feeding  this  suction  tank  is  to  be  cross-connected  to 
the  suction  pipes  of  both  pumps  before  it  enters  the  suction  tank,  and 
is  to  be  properly  check-valved. 

The  supply  pipe  from  the  house  tank  is  to  be  brought  down  full  size 
to  the  third  basement,  and  is  there  to  be  connected  in  a  proper  manner 
to  the  piping  of  the  present  building  wherever  required,  and  is  also  to 
be  carried  full  size  through  into  the  old  Commercial  Cable  building, 
where  the  plumber  is  to  make  proper  connections  wMth  the  old  water 
system  in  order  to  furnish  the  old  building  with  water  from  the  new 
house  tank. 

Chaiiprlnp:  Water  Mains. — The  plumber  is  to  disconnect  and 
remove  all  the  present  4-inch  water  mains  in  the  present  building  in 
the  space  immediately  in  front  of  the  boilers,  and  is  to  raise  the  mains 
to  a  point  near  the  ceiling  where  the  same  will  clear  all  steam  pipes. 
In  this  new  line  the  plumber  is  to  provide  and  leave  all  necessary  T*s, 
and  is  to  cap  such  as  are  to  feed  the  injectors  to  the  boilers.  This 
piping  to  the  injectors  is  to  be  done  by  the  steam  contractor.  All  nec- 
essary T's  for  cross-connection  to  the  new  building  are  to  be  left  and 
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the  old  water  mains  are  to  be  connected  to  the  new  water  mams  in  a 
proper  manner. 

Old  Bump  Pump. — The  plumbing  contractor  is  to  disconnect 
and  remove  the  old  sump  pump,  which  is  located  in  the  old  building. 
He  is  to  replace  the  same  on  the  new  foundations,  wbicli  will  be  in  a 
different  j^ituation  from  the  present »  and  is  to  make  all  proper  connec- 
lioDS  between  the  pump  and  the  sump  pit  and  the  pump  and  the  dis- 
charge pipes,  and  the  pump  and  the  steam  connections,  and  also  the 
exhaust  connections* 

All  water  connections  other  than  the  above  are  to  be  made  in  order 
that  the  pump  may  perform  all  operations  to  which  it  is  now  put. 

Old  House  Puiiip!^.— The  plumber  is  to  disconnect  and  remove 
both  of  the  prei^ut  hou^-tank  pumps,  removing  all  steam,  exhaust » 
and  other  pipe  connections^  the  same  to  be  delivered  to  the  owners  in 
all  parts. 

Old  Pressure  Tank. — In  the  stibbasement  of  the  old  building, 
the  plumbing  contractor  is  to  remove  the  present  pressure  tank,  the 
same  to  become  the  property  of  the  owners;  he  is  also  to  remove 
all  connections  to  the  same,  making  all  new  connections  as  above 
specified « 

The  contractor  is  to  run  a  water*litie  along:  the  side  wall  of  the  boiler 
room  for  supply  to  the  automatic  return  pumps*  Remove  the  connec- 
tions to  the  present  return  pump^?* 

Time* — All  alterations  to  the  plambing  work  or  other  work  done 
by  the  plumber  in  the  present  Commercial  Cable  building,  are  to  be 
performed  at  such  times  and  in  such  manner  as  the  architects  may 
direct,  and  in  no  case  are  these  alteration;?  to  interfere  with  the  opera- 
tion of  any  of  the  present  machinery  until  the  new  machinery  has 
been  placed  in  position  and  in  running  order,  and  in  all  respects  the 
plumbing  contractor  is  to  work  either  day  or  night  at  such  times  aa 
will  not  affect  the  operation  of  the  present  system,  which  is  to  be 
overhauled. 

Kitchen  FIxt tires*— The  plumbing  contractor  is  to  run  the 
connections  to  the  kitchen  fixtures  of  the  proper  sizes,  but  the  fixtures 
and  their  traps  are  not  included.  The  connections  will  be  left  at  a 
point  6  inches  above  the  floor  line  and  will  be  capped. 

Metal  for  Marble.— The  plumbing  contractor  is  to  furnish 
nickel-plated  brass  standards,  angles,  border  strips,  floor  flanges,  etc.^ 
of  approved  make,  for  the  full  and  complete  support  of  all  marble  or 
slate  work  in  connection  with  the  toilet  room,  the  standards  etc.  to 
be  2  inches  in  diameter,  to  have  all  necessary  screw  fittings,  etc. 
and  to  be  set  in  accordance  with  Plate  274  F  of  the  Meyer  Sntfiten 
catalog  of  1*^3, 

GfiB  Plpiiiiaf*— The  building  plans*  show  all  pipe  throughout  for 
gas,  with  outlets  as  shown.    All  pipes  shall  be  of  the  best  quality 


*  Tbe  ploui  reterred  to  are  not  reproduced  1 
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heavy  black  iron,  in  no  case  less  than  I  inch  in  diameter,  with  heavy 
malleable-iron  fittings.  The  main  is  to  be  carried  from  the  present 
building,  down  through  the  third  basement,  across  into  the  old  build- 
ing, and  to  a  point  where  the  gas  connections  enter  the  old  building 
in  the  area  on  the  New  Street  side.  At  this  point  this  contractor  is  to 
install  a  proper  size  meter,  with  all  necessary  connections,  and  is 
to  have  all  necessary  work  in  their  line  performed  by  the  gas  company 
furnishing  service. 

The  pipes  are  to  be  firmly  secured  in  position  and  properly  drained 
to  the  point  of  entrance  and  provided  with  an  emptying  cock  at  the 
lowest  point.  All  outlets  shall  be  properly  plugged  and  capped,  and 
the  caps  left  on  at  the  completion  of  the  work. 

All  pipe  is  to  be  put  together  with  red  lead,  and  all  is  to  be  screwed 
up  tight. 

The  entire  system  shall  be  thoroughly  tested  with  either  an  air 
force  pump  or  a  mercury  gauge,  the  test  to  consist  of  a  half -hour 
duration  with  a  drop  of  not  more  than  A  inch. 

All  work  shall  be  done  in  conformity  with  the  regulations  of  the 
city  and  the  gas  company,  and  shall  be  left  perfect  and  satisfactory 
to  the  architects.  All  pipes  are  to  be  run  to  the  outlet  l>ozes  of  the 
electric  work  and  are  to  be  strongly  supported  to  carry  the  fixtures. 

All  gas  piping  is  to  receive  one  coat  of  red  lead  and  oil  after  the 
same  has  been  tested.  Each  story  is  to  be  valved  at  the  floor  in  order 
that  the  same  may  be  controlled  independently,  and  all  other  necessary 
valves  are  to  be  placed  on  this  system. 

Drawiiip:s. — The  plumbing  contractor  is  to  furnish  drawings 
for  the  approval  of  the  architects  showing  all  systems  of  piping, 
the  layout  of  all  pump  work,  sump,  subsoil,  and  other  work  in  the 
above  specifications,  and  no  work  is  to  be  performed  until  the 
approval  of  the  architects  has  been  received.  The  architects  reserve 
the  right  to  make  any  changes  in  the  location  and  direction  of  pipes 
or  fixtures  as  they  may  see  fit,  provided  they  do  not  change  the  cost 
of  the  work. 

Cuttliip:  and  RepalrlDg.— All  cutting  and  repairing  is  to  be 
done  by  the  owner. 

Ill  General.— All  of  the  above  testing  will  be  done  under  the 
supervision  of  the  New  York  Building  and  Sanitary  Inspection  Com- 
pany's men.  This  is  to  include  the  water  test,  the  test  of  hot-water 
and  cold-water  supply,  and  the  final  test,  and  the  expense  of  all  tests 
and  also  all  expenses  necessary  to  secure  the  certificate  of  approval  of 
the  above-named  company  are  to  be  paid  by  the  plumbing  contractor. 
The  certificate  is  to  be  delivered  to  the  architects  on  the  completion  of 
the  work. 

The  plumbing  contractor  is  to  furnish  all  the  above  fixtures,  and 
such  labor  and  materials  as  may  be  necessary  in  conjunction  with  the 
above  work  to  make  the  same  complete  in  all  respects. 
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Paintingr- — All  the  above  tanks,  engines,  pumps,  piping,  etc.  arc 
to  be  painted  with  two  coats  of  lead  and  oil  paint. 

Water  Closets.— All  water  closets  are  to  be  plain,  strong,  vitre- 
ous-china siphon-jet  water  closets,  with  10-gallon  round -cornered  oak 
tank,  with  Puritan  valve  and  Birkery  ball-cock,  top  supply,  nickel- 
plated  brackets,  nickel-plated  link  chain  with  solid  metal  pull  and  one- 
piece  wall  g^ide,  No.  1  oak  scat  and  cover  with  nickel-plated  hinge, 
l|-inch  nickel-plated  flush  pipe  and  adjustable  offset  connection,  and 
strong  brass  floor  flange  and  bolts,  with  porcelain  caps.  All  is  to  be 
approved  by  the  architects. 

Wash  Basins.— All  wash  basins  are  to  be  15"  X  19"  oval  vitreous- 
china  basins  with  nickel-plated  Vigilant  waste  with  solid  metal  handle, 
nickel-plated  adjustable  offset  trap  with  nipple  and  escutcheon,  and 
nickel-plated  supplies  to  waU>  with  controlling  valves,  and  push  button 
self-closing  basin  cocks.    All  is  to  be  approved  by  the  architects. 

Urinals. — All  urinals  are  to  be  strong,  vitreous-china  siphon-jet 
urinals  with  No.  7  round-cornered  oak  tank,  nickel-plated  clover 
brackets,  nickel-plated  link  chain  with  solid  metal  pull  and  nickel- 
plated  one-piece  wall  guides,  nickel-plated  pipe,  and  nickel-plated  inlet 
and  outlet  connections.    All  is  to  be  approved  by  the  architects. 

Slop  Sinks.— All  slop  sinks  are  to  be  of  white  porcelain,  measur- 
ing 20  inches  by  16  inches  by  12  inches,  with  three-quarter  roll  rim, 
with  plain  porcelain  back,  class  B,  with  bronzed-iron  trap  standard 
and  brass  floor  flange  and  bolts,  and  j-inch  nickel-plated  Vigilant  com- 
pression cocks. 

Marble  Work.— All  marble  work  in  connection  with  the  water 
closets,  urinals,  and  slop  sinks  herein  mentioned  will  be  done  by  the 
marble-work  contractor. 

All  marble  work  in  connection  with  the  above-mentioned  lavatories 
is  to  be  supplied  and  set  by  the  plumbing  contractor  and  is  to  be  white 
Italian  li  inches  thick,  with  molded  edges  and  dished  top,  with  aprons 
}  inch  thick  by  6  inches  deep,  supported  on  No.  1  offset  nickel-plated 
brass  leg^,  substantially  as  shown  on  Plate  110  F  of  the  Ronalds  & 
Johnson  Co.'s  catalog.  All  marble  work  is  to  be  strongly  secured  to 
the  walls  and  put  together  with  plaster  of  Paris  and  brass  clamps. 

All  backs,  end  slabs,  etc.  will  be  formed  by  the  wainscoting,  except 
in  offices,  where  back  or  end  slabs  J  inch  thick  by  16  inches  high  will 
be  provided. 

Fixtures. — The  plumber  is  to  furnish  and  set  complete  the  fol- 
lowing fixtures  hereafter  described.  Unless  otherwise  called  for,  they 
are  to  be  of  the  best  of  their  respective  kinds,  and  before  final  accept- 
ance, they  are  to  be  thoroughly  cleaned  and  adjusted.  In  the  rough- 
ing-in  of  the  work  care  must  be  taken  in  spacing  the  fixtures  so  that 
they  will  make  the  best  possible  appearance  when  set.  All  exposed 
supply  pipes  are  to  be  nickel-plated  brass  and  are  to  be  provided  with 
nickel-plated  brass  wheel-handle  coutrollinj^  valves. 
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List  of  Fixtures 


Location 


Third  basement  . 
Second  basement 
Main  basement 
Ground  floor 
First  floor  . 
Second  floor 
Third  floor 
Fourth  floor 
Fifth  floor  . 
Sixth  floor  . 
Seventh  floor 
Eighth  floor 
Ninth  floor 
Tenth  floor 
Eleventh  floor 
Twelfth  floor 
Thirteenth  floor 
Fourteenth  floor 
Fifteenth  floor  . 


Closets 


Lavatories  Slop  Sinks 


Urinals 


Sinks 


Kitchen,  scullery,  and  service-pantry  fixtures  are  not  included  in 
this  contract. 

Materials  and  Workmanship.— All  materials  and  workman- 
ship are  to  be  of  the  best  throughout  and  suitable  for  the  needs  to  be 
supplied. 
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